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JUly 22, 1988

I must ask the Government’sindulgencefor not havingfinishedthis
documentsooner. My decisionwas basedon waitingfor two setsof
criticaldata whichare importantin helpingto provideinsightand
orientation-- whichotherwisewouldhave been lacklng-- with respectto
two majorproblems.

HenryI. Kohn

Correctededition,August12, 1988
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ABSTRACT

The tackhas been to determinewhetheror not DOE’s1982Report
provedthatRongelapIslandis safe for habitation.The islandwas
contaminatedin 1954duringthe testingof nuclearweapons.

It shouldbe bornein mind that the dosageunderdiscussionis
currentdosage,e.g.,from 1990 to 2020,and not that fromexposurein
1954. The currentdosageover a 30-yearperiodis a matterof 3 rem,
whereasthe originalexposurewas one of 190 rem in 2 days.

The evidenceused by DOE plus additionaland more recentinformation
have been reviewed.

RongelapIslandis safe for habitationby adultsprovidedthatthe
diet is equivalentto that formerlyused. I do not believethatsucha
diet wouldpresentany difficulty.

Measurementof plutoniumexcretionin the urineof Rongelap
residents(1981)showsvery greatvariation. The matteris a potential
causeof concernand shouldbe studiedalthoughit is not associatedwith
overexposure.

The dose to infantsand smallchildrenis anotherpotentialcauseof
concern. Preliminaryfindingsfrom a diet surveyindicate,however,that
the dosageis not excessive. This studyshouldbe continued.

The whole-bodycountingfor cesiumshouldbe resumedto establisha
base line for laterwork at the timeof resettlement.

&M
In the courseof planningforaresettlement,the fact thatRongelap

Islandappearssafe for resettlementnow shouldnot be lostsightof.

&+e\l
Planningfor~resettlementshouldconsiderthe possibleuse of

potassium-salttreatmentof the soil and soil removalas studiedat
Bikini.

To obtaina briefsummaryof the key factsof dosageand the more
general,but importanthuman factorsthat will affectdecision-making,
the readeris referredto Section4.5 (DoseSummary)and to Section5
(Discussionand Recommendations.)
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1. INTRODUCTION

RongelapAtollwas contaminatedwith radioactivefalloutin 1954as
a resultof the Bravothermonucleartest-shotat Bikini,130 silesaway.
In 1978,to informthe peopleof the NorthernMarshallIslandsof the
extentof residualcontamination24 yearslater,and of its potential
effectsupon theirhealth,DOE (Departmentof Energy)surveyedthe region
and subsequentlyissueda speciallypreparedbook reportin llarshallese.

The book was entitled,The Heaninaof Radiationfor ThoseAtollsin
theNorthernPart of the MarshallIslandsthatwere Surveyedin 1978,
and was publishedin 1982. (Weshallreferto it as DOE-1982.)The first
partdealtin generalwith radiationand fallout,and how theymight
affectplants,animalsand man. The situation●t Rongelapwas dealtwith
specificallyon pages38 - 39. (Note1)

DOE’sassessmentof RongelapIsland was not acceptedby the
Rongelappeople,so much so that in 1985 the residentsabandonedtheir
homesand movedto Majietoin KwajaleinAtoll.

The U. S. Congress,therefore,providedfor an independent
assessmentof DOE’sconclusionsfor RongelapIslandin the Compactof
FreeAssociationAct of 1985 (U.S.PublicLaw 99-239,section103(i);see
Note 2). The functionsof the presentreportare thereforeas follows:

“[Therefereeshall]reviewthe data collectedby theDepartment
of Energyrelatingto the radiationlevelsand otherconditionson
RongelapIslandresultingfrom the thermonucleartest...The
purpose...shallbe to establishwhetherthe data citedin supportof
the conclusionsas to habitabilityof RongelapIslandas set forth
in the [book]...areadequateand whethersuch conclusionsare
supportedby the data....If...thedata are inadequateto
support...habitabilty...the governmentof the Marshallislandsshall
contract...[for]...acompletesurvey...[andfor recommendations
of]...thestepsneededto restorehabitability...”

It shouldbe notedthat the law is quitespecificin referringto
RongelapIsland,not Atoll,and accordinglythisReportconcentrateson
thatIsland,the chiefresidenceof the Rongelappeople. However,data
and commentson otherislandsof the Atollare included.



1.2 Procedure

The sectionsof DoE-1982that deal with Rongelapand are now under
reviewwere discussedwith DOE-1982’sseniorauthor,Dr. WilliamBair .
(PacificNorthwestLaboratories,Richland,WA 99352),and Dr. Bairhas
read,especially,the partsof the Reportreferringto them. It should
be notedthat DOE-1982is a statementby DOE and is alwaysreferredto as
such in this Report.

Dr. UilliamRobison(LawrenceLivermoreNationalLaboratory,
LivermoreCA 94550),who suppliedthe fielddata and the dose
calculationsfor DOE-1982,has providedadditionaldata for the present
report,and has discussedhis findingswith me.

RelevantRongelapstudiesthatwere supportedby DOI!at Brookhaven
NationalLaboratory(Upton,New York 11973),were discussedwith Dr.
UilliamH. Adams, (HedicalDepartment),Dr. RobertConardand Hr. E.
Lessard(Safety& EnvironmentalProtectionDivision).

It was consideredimportantand efficientto bring togetherall of
the data that are now availableratherthan to restrictthis reportto
the limiteddata on whichDOE-1982was based. With the concurrenceof
the llarshalleseGovernment,therefore,additionalinformationfrom
DOE-supportedlaboratories~thatbecameavailableafterDOE-1982had been
written~wasmade availableto us by Adams,Lessardand Robison. Also,
we have takena numberof samplesin the fieldand havehad themanalyzed
independently,in accordancewith the wishesof the Rongelappeople.

Other sourcesof informationin the internationalliteraturehave
been used and are citedin the text.

We have alsodiscussedfrom time to timevariousmattersrelatingto
the Report,or the progressmade in developingit, with Rongelap Senator
JetonAnjain,P.0. Box 1006,l!ajuro,Republicof the MarshallIslands,
96960.

,ar

The taskhas been greatlyfacilitatedby Mr. PeterOliver,SPecial
Assistantfor CompactAffairs,Republicof the MarshallIslands,P.O. Box
15, Uajuro,96960.

The ReassessmentReport (thepresentdooument)was writtenby Henry
I. Kohn in his capacityas Refereeundercontractwith RepMar. The
opinionsand statementsmade are thereforehis responsibility.The task,
however,was greatlyfacilitatedby discussionswithmembersof an
internationalpanelof consultants,selectedto representa varietyof
overlappingspecialtiesthat wouldcoverthe problemsunderexamination.
Owing to time constraints,none of the consultantshas read the final
versionof this Report. All have read the PreliminaryReport (April20,
1988),and I have discussedvariouspartsof the presentdocumentwith
variousconsultantsby correspondenceand especiallyby telephone.
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The followingscientistsparticipatedin the Project.

Referee

HENRYI. KOliN,Ph.D.,M.D. (radiationbiology) GaiserProfessor
Emeritusof RadiationBiology,Harvard MedicalSchool: Chairman.
BikiniAtollRehabilitationCommittee; 1203 ShattuckAve.,Berkeley
CA 94709 (415-526-0141)

Secretary: IreneK. Heller,Berkeley,CA

Consultants

S. J. ADELSTEINCH.D., Ph.D. (nuclearmedicine) Professorof
Radiology,HarvardMedicalSchool: Directorof Joint pro9ramin
NuclearMedicineat Beth IsraelHospital,Brighamand Vomen’s
Hospital,Children’sHospitaland Institute,and Dana FarberCancer
Center; Vice-President,NationalCommissionon Radiological
Protectionand Measurements;25 ShattuckSt.,Boston,MA 02115
(617-732-1535)

H. J. DUNSTER.B.SC., C.B. (healthphysics)FormerlyDirector,
NationalRadiologicalProtectionBoard (UnitedKingdom),Member,
InternationalCommissionon RadiologicalProtection;Residence:52
ThamesSt., St. Ebbes,Oxford,OX1 lSU,UnitedKingdom
(011-44-865-251-716)

A. S. KUBO,Ph.D.,MBA, P.E. (civiland nuclearengineering)
Vice President,TechnicalApplications,The BDtlCorp. 7915Jones
BranchDrive,!lcLeanVA 22102 (703-848-7294)

H. G. PARETZKE,H.SC.,Ph.D. (radiationrisk analysis)Head, Radiation
Risk AnalysisSection,GSF Institutfur $trahlenschutz(Institute
for RadiationProtection),Ingolst~dterLandstrasselt D-8042P
Neuherberg 2225FederalRepublicof GermanyGE-055
(011-49-893-187-2225)

F. L. PETERSON,Ph.D. (hydrologyand geology)Professorof
?iydrologyand Chairman,Dept.of Geologyand Geophysics,University
of Hawaii,Honolulu,RI 96822 (808-948-7897)

U. J. SCHULL,Ph.D. (epidemiology:cancer,genetics, birthdefects)
Directorof Centerfor Demographicand PopulationGeneticsand
Professorof HumanGenetics,Univ.of TexasHealthScienceCenterat
Houston; FormerlyDirectorof the RadiationResearch Foundationat
Hiroshima-Nagasaki,Japan. Address: PopulationGenetics,P.O.
Box 20334,HoustonTX 77225 (713-792-4680)
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E. L. STONE,Ph.D. (soilscience) Pack ProfessorEmeritusof
Forest Soils,CornellUniversity;AdjunctProfessor,Dept.of Soil
Science,2169McCartyHall, Univ.of Florida,Gainesville,FL
32611 (904-392-1956)

—

Consultantsnominatedby the Rongelappeople

ROSALIEBERTELL,Ph.D.,G.N.S.H.(biometrician)Editorin Chief,
InternationalPerspectivesin PublicHealth; Commissioner,
InternationalCommissionof HealthProfessionals,Geneva;
President, InternationalInstituteof Concernfor PublicHealth,
830 BathurstSt.,Toronto,OntarioH5R-3G1 Canada
(416-533-7351)

UTE BOIKAT,?!.SC., Ph.D. (radioecology),Executiveof the Department
of PublicHealth,Freie und HansestadtHamburg,Tesdorpfstr.8,
D-2000Hamburg13, FederalRepublicof Germany.
((011-49)40-44195334). Dr. Boikathas been a memberof the
consultingfirmof Kollert,Dondererand Boikatof Bremenwhich
assistedin some of the analyticalwork.

BERNDFRANKE,M.SC. (radioecology),ExecutiveDirector(Washington
Office), Institutefor Energyand EnvironmentalResearch,
6935 LaurelAve.,TakomaPark,MD 20912 (301-270-5500)
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2. BACKGROUND-- THE RONGELAPEXPERIENCE

RongelapAtollis locatedabout2,500milessouthwestof Hawaii,at
120N,1670E (Fig.2 ill).It comprisesmore than 50 low-lyingislands●nd
islets,totalarea 3.07sq. miles,whichbounda lagoonof 400 sq. miles.
The largestand by far the most importantisland,Rongelap,has an area
of 0.3 sq. miles.

The geologicalstructureis thatof a coralreef atollrestingon a
submergedvolcanicmass. The islandsare made of reefdebris,primarily
of sand and gravelsize,and reef or9anisms.

The atollis typicalin appearance,and the islandsare coveredwith
vegetation.However,a major factorlimitingthe kindsof plantsthat
can be grownas staplesis the longdry season.

The MarshallIslandsStatisticalAbstractof 1986,issuedby the
Republic,liststhe populationof the atollas totalling235.
Previously,it was 165 in 1973,189 in 1967,264 in 1958. In 1954at the
timeof the Bravo incident,84 personswere evacuated.(These
fluctuationsreflectthe need to work elsewhere.)Earlierrecordsfor
Japaneseand Germanperiodsof controlare: 99 in 1945,98 in 1935,110
in 1920,100 in 1906,120 in 1860.

However,Hr. PeterOliver,the Republic’sSpecialAssistantfor
CompactAffairs,has informedme that the RongelapDistributionAuthority
now makesper capitapaymentsfrom its NuclearClaimsFund to 1,578
individuals.Currently,theseamountto S1480per year to thoseexposed
to falloutin 1954,and $480 to others. The Councilhas also determined
that 2,277individualsqualifyfor the benefitsof the Section177 Health
Care Programas a resultof theirties to Rongelap.

2.1 Bravotest -- 1954

The initialeventoccurredon ?farch1, 1954,when a 17-megaton-yield
thermonucleardevicewas set off at BikiniAtoll,the Bravotest. The
devicewas 1000 timesas powerfulas the bombsthat destroyedNagasaki
and Hiroshima; its cloudrose 25 milesabovethe earth,and after10
minuteshad a diameterof 70 miles.

It had been plannedthat the “cloud”wouldbe blownto the west and
north (Fig. 2.1 #l).Unexpectedlyfor whateverreason (Note3), it was
blownto the east so that at about5 hoursafterdetonationfalloutbegan
at RongelapAtoll,and duringthe ensuing7 hours fellin suchquantities
as to suggestto Rongelapese,who had neverseen snow,that it was
snowing(Sharp& Chapman,1957). Ratherthanavoidingcontact,children
playedin the powdery,finelygranularfallout,and no particulareffort
was made to separateit from foodor clothin~. No warningwas or had
been issuedby the military.

11
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About 50 hoursafterthe “shot”,the Navy removedthe 64 Rongelap
residentsfrom the Atollto the medicalbase at Kwa]alein(Sharp&
Chapman,1957;Cronkiteet al, 1956) Also,eighteenvisiting
Rongelapesewere removedfrom Sifo Island,AilingnaeAtoll,and 157
UtirikpeoplefromUtirikAtoll. It was immediatelyrecognizedthat the
surveillanceand careof thesepeoplerequiredfar more professional
staffthan~he base couldsupply,and a specialmedicalteamhurriedly
organizedfor thispurposein the UnitedStates,utilizingnavaland AEC
personnel,reachedthe base 8 days afterthe detonation.

Consistentwith a whole-bodydose of 190 rem (overtwo days),
two-thirdsof the Rongelapgroupexperiencednausea,10$ with vomiting
and diarrhea,whichclearedwithinthreedays or so, and all showed
depressedwhite-blood-cellcounts (Cronkiteet al, 1956). As a resultof
the skin dose fromphysicalcontactwith fallout,about70$ developed
skin lesionsof widelyvaryingseverityaftera latencyperiodof two to
threeweeks. Host of thesewere to heal successfullybut a few developed
significantscarring. Therewere no deathswithin60 days of exposure.

The most “significant”part of the initialexposureproducedno
immediatesignsor symptoms. A half-dozenthyroid-seekingradionuclides
enteredthe body throughfallout-contaminationof food and water. Over
the courseof the followingweekstheseiodineand tellurium
radionuclidesdelivereddosesthat eventuallycausedthyroidhypofunction
and the appearanceof thyroidtumors.

The Bravo test posednew dosimetryproblems,only vaguelysensed
before. Owing to the giganticenergy-yieldat groundlevel,great
quantitiesof coralloidradioactivematerialwere generated(Hiroshima
and Nagasakihad involvedhigh air-bursts):142 radionuclideswere
involvedwhoseradiationsand ratesof decayvariedgreatly,and whose
eventualeffectsdependedon the weatherconditionsand the livinghabits
~f the exposedpopulation.

At the time of evacuation,the exposurerate in Rongelapvillagewas
1.2 - 2.3 R/hour. The whole-bodydose of ‘“175R in air” reportedin 1956
was approximatelycorrect. The dose estimatefor the thyroidgland,
however,was much too low becauseonly iodine-i31had been consideredin
the calculation.As a result,the appearanceof thyroiddiseaselateron
was quiteunexpected.

An upwardsrevisionof thyroiddose was reportedin 1964when
iodine-133and iodine-135were included.(James,1964). The revisionsof
1984 (Lessardet al, 1985;Lessard,1984a),basedon a comprehensively
plannedattackon the problem(Bondet al, 1978),put the mean adult
whole-bodydose at 190 rem. The revisedtotaldose to the thyroidgland,
includingcontributionsfrom all sevenimportantradionuclideswas
greatlyincreasedand variedsignificantlywith age at exposurein 1954
-- from 5,200rem for a one-yearold to 1,600rem at age 14, and 1,200
rem for the adultmale. It was estimatedthat 958 of the thyroiddose was
receivedduringthe firstthreepost-exposureweeks,and 1OO$within
threemonths (Note4).

13



2.2 Returnto Ronqelap- 1957

The AEC (AtomicEnergyCommission)ildecisionthatRongelaphad
becomesafe was basedon fielddata by the RadiationEcologyLaboratory,
Universityof WashingtonCollegeof Fisheries,and dosecalculationsby
AEC staff._For 1957the annualexternalgamma’’dose”at RongelapIsland
was estimatedto be less than0.5 roentgen,the maximumpermissiblefor
the generalpopulation,and it was expectedto declineowingto physical
decay. However,theAEC assessmentwas inadequatewith respectto
internaldosageresultingfromcontaminatedfood (Note5).

In 1957,therefore,the Rongelappeoplereturnedto RongelapIsland.
In March 1958therewere 81 personsthere’who had been exposed on
Rongelapor Ailingnae,and approximately100 otherswho had not.

To anticipateany late effectsthat mightfollowthe acuteexposures
of 1954,the AEC commissionedBrookhavenNationalLaboratory’sIledical
Divisionto establishthe MarshallIslandsMedicalProgram,whosestaff
has visitedthe Rongelappeopleonce or twicea year since1957 (Note4).
SinceRongelapsoilstillcontainedlow levelsof radionuclideswhich
mightenterthe body throughthe food chain,the programincluded
equipmentto measureradionuclideswithinthe humanbody (whole-body
counting). Since1978the countingprogramhas beenoperatedby
Brookhaven’sSafety& EnvironmentalProtectionDivision.

“3*.

led

ROngelaD: 1957-1987

The medicalfindingswere summarizedor updatedby R. A. Conard,who
the wholeprogramfor many years (Conardet al. 1958;1975;1980)and

more recentlyby Adamset al (1984). The statusof the dosimetry,
originallyincludedin the Conardreports,has beenmore recently
reportedon by Lessardet al (1984; 1985). In brief,on the basisof
thesereports,the followingsequenceof health-relatedeventsoccurred
over the past 30 years.

1957-63. Amongthe usualproblemsin the MarshallIslandswere
parasitism,chronicskin disease,diabetesadult-onsettypeII, and bad
teethin adults,and a varietyof infantand childhooddiseasesincluding
infantdiarrhea.. The vast majorityof skinreactionsto radiationhad
disappearedwithoutsequelae,exceptfor scarringin the mostheavily
irradiatedcases. No skin cancerswereobserved. Two possibleexamples
of radiationeffectsoccurred. First,it was reportedthatabouttwice
as many abnormallyterminatedpregnanciesoccurredamongthe exposed
parentsas wouldbe expectednormally. Second,two boysshowedmarkedly
stuntedgrowth,suggestingthyroiddefi.lency.

11 The AEC was thepredecessorof DOE.
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1964-75. Unquestionabledamageto the thyroidgland,especiallyto
thoseexposedbelowthe age of 10, made its appearance.A reexamination
of earlierestimatesof dose to the thyroidglandled to theirelevation
by a factorof about2 for adults,and 5 or more for children. The
administrationof thyroidhormone(interruptedon occasion)to the entire
exposedpopulationwas begunin 1965 as a prophylacticmeasureagainst
thyroidneo~lasia(nodules,cancer),and also to correctfor possible
lossesin thyroidfunction.

By the end of 1974 (Fig2.3 # 1), the thyroidtumorrecordwas as
follows:

Age below10 in 1954: 17 tumorsin 19 personsexamined,
including1 cancer.

Age 10-18yearsin 1954: 2 tumorsin 12 personsexamined.

Age above18 Years in 1954 : 3 tumorsin 33 persons
examined,including2 cancers.

Almostall personswith thyroidnoduleswere sent for surgical
treatmentto the ClevelandMetropolitanHospital,Cleveland,Ohio. Each
one was compensatedat the rate of $25,000per surgery.

The occurrenceof thyroiddiseaseas well as a caseof acute
leukemiaworriedthe Rongelappeople. The medicalteamwas accusedof
havingdeceivedthe Rongelappeopleand of using themas guineapigs.
The Brookhavenmedicalserviceswere boycottedduring1972,but theywere
acceptedlaterin the year aftera favorablereporton the matterby an
internationalcommittee.

1976-79. Here thyroidnodulesappeared. The Rongelappeople
continuedto be worried.They askedfor an independenthealthreview
whichwas not granted. A groupof Brookhavenscientistsproposeda
comprehensivedosimetryreview (Bondet al, 1978),whichDOE then funded
(Lessard,1984a;Lesaardet al, 1984c; Lessardet al, 1985).
Independently,DOE initiateda ‘Wrthern Marshall’sSurvey” basedon an

....

aerialsurveyby EG&G and some terrestrialwork by LawrenceLivermore
NationalLaboratory(Robisonet al, 1980; Robisonet al, 1982b: Tipton
& Meibaum,1981).

1980-84. DOEsummarizedits surveyresultsin 1982with a reportin
Marshallese,embellishedwith coloredillustrations.(Thisis the book,
DOE-1982,underreviewin the presentreport.See Note 1.) DOE-1982
statedthat the U. S. radiationguidewas 5 rem in 30 years,and thatthe
currentwhole-bodydosageat RongelapIslandwas 2.5 rem in 30 years. On
someotherRongelap-Atollislandsnot used for permanentresidencethe
dosemightbe 2 to 5 timesas much. The Rongelappeoplerequestedthe
Governmentto transferthem to anotheratoll. Significantpartsof the
anti-nucleardocumentaryfilm,Half-Life,were filmedat Rongelap. The
filmsuggestedthat the peoplehad been used as “guineapi9s”.

15
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Latencyperiodfor appearanceof thyroidnodules
relatedto thyroiddose receivedin 1954●t
Rongolap& Ailingnae,●nd Utirik.

Detailson

thyroiddosagaare givenin TableN.4 #2.

of U. E. AdaBs,BrookhavenNstionalLaboratory)
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~. The RongelappeopleabandonedRongelapand sailedfor Xajieto
Islandin KwajaleinAtoll.The U. S. Congresspassed the Compact of Free
AssociationAct of 1985 (PublicLaw 99-239)of whichSection103(i)is
the basisfor the presentinquiry (Note2).

1987 The followingpointsare of major interestfor the present
report.

(a) A cleardistinctionshouldbe made betweenthe lateeffectsof
the largeacuteexposurein 1954 (190rem whole-body)and the possible
(butas yet undetermined)effectsof the much smallerchronicdose since
resettlementin 1957-1978(=3.5 rem or less).

(b) The originaldose estimatesfor the 1954exposureweremuch too
low for the thyroidgland (Cronkite,1954;Dunning,1957). The necessity
for majorcorrectionlateron weakenedor destroyedRongelapconfidence
in DOE. The annualradiationdosesduringthe firstyearsof
resettlementmay alsohave been underestimated,but the correctionswould
be verymuch smaller.

(c) The occurrenceof thyroidtumors (* 30$)10 yearsor later
afterreturningto Rongelap(Fig.2.3 #1; Note 4B) has been a confusing
experiencefor the Rongelappeople. In addition,eightcasesof
hypothyroidismhave been observed(Adams 1988).

(d).No sign~ficantincreasein tumorsoutsideof the thyroidgland
has been seen (Adamset al, 1984),exceptfor 1 basalcell epitheliomain
1987 (Adams1988)in the 81 personsat risk.

(e) No obviousgross differencein survivorshipbetween
1954-exposedand 1954-unexposedgroupshas occurred(Fig. 2.3 #2).
Althoughstatisticallysignificantdecreasesin someblood-celltypes
have been noted (Adamset al, 1982),none has been clinically
significant.

(f) Basedon fourparameters(longevity,thyroidnodules,
carcinoma,bloodcounts),thereis no evidenceof effectsfrom the
chroniclow-levelexposureassociatedwith lengthof residenceon
Rongelapsince1957 (Note4(b)). Thesestudiesare admittedly
exploratory.However, the averagedose over the period1957-78is quite
small (3.5rem or less),and will be accumulatedat much lowerratesin
the future.

17
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3. REASSESSMENT

With the foregoingas background,let us
questionswhich the Congresshas asked: Uere
correct(Robison1982b)? Does it followthat
not,what shouldbe done?

now attemptto ●nswerthe
the dosesused by DoE-1982
Rongelapis habitable? If

It shouldbe notedthat the technicalpositionhas changedsince
1982. lforedata have been accumulatedso that the originalmeager
samplinghas becomemore robust. In addition,we shallconsiderthe
findingsof the BrookhavenNationalLaboratory,usingan importantmethod
whichDOE-1982did not consider,and alsoour own findings.~

The data base employedby DOE-1982comprisedthe resultsof the
NorthernMarshallIslandsSurveyof 1978 (September-November)whichhad
been plannedas an aerialreconnaissanceto map externalgamma-ray
exposurerates (normalizedto 1 meter abovegroundlevel)(Tipton&
Heibaum,1981).Two helicopterswere employed,operatingfroma major
supportvessel,the U.S.N.S.Wheeling.

Subsequentlythe LivermoreLaboratoryprogramwas addedto obtain
soil,water,vegetationand fish samplesat each atoll“as timeand
facilitiesmightpermit*’(Robisonet al, 1982,Part 1). The timespent
at RongelapAtollpermitted7 days for 9 islands,of whichthe majorone
was Rongelap. Operatingfrom a largeship thathad to cruiseat a
considerabledistanceoffshore,and whoseprimaryfunctionwas aerial
reconnaissance,restrictedthe terrestrialwork significantly.

The radionuclidesdealtwith were five: cesium-137,whichis
distributedthroughoutthe body; strontium-90,a bone seeker;and the
very’poorlyabsorbedplutonium-239.-240and americium-241,whichhave
very longhalf-livesand which are tightlyboundby bone,liverand
testes (Table3: S1).

The Livermoregrouptook soil samplesfrom some 25 scattered
locationson RongelapIslandwhose averages(picocuries/gram)for 0-10 cm
depthwere: cesium-137,12; strontium-90,7.1; plutonium-239,-240,2.6;
americium-241,0.9 (Table3: #2).These1978 levelswere abouttwice
thosefor Eneu,BikiniAtoll.

This soil contaminationprovidedthe basisfor humanexposurein two
ways. Radiationsthatemanatedfrom the groundor standingvegetationled
to externaldose. Radiationsthat emanatedfrom food and water after
enteringthe humanbody were responsiblefor internaldose.

● B. Frankestatesthat the enablingle~slation callsfor studyof
only the originalfindingsand report. A secondcommitteeshould
considersubsequentfindings,and a thirdgroupshouldexecuteits
recommendations.
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The totaldose receivedwas the sum of the externaland internal
doses. The externalwhole-bodydose was estimatedby measuringthe
exposurein air (e.g.,at 1 meteraboveground)and applyinga factor
basedultimatelyon measurementswith phantomsto the meterreading. The
internaldose was estimatedby the Livermoregroupon the basisof an
assumeddiet and the analysisof the radionuclidecontentsof Rongelap
foodprodutisin it.

The lagoonand its fishwere foundto be a trivialsourceof dose.
Groundwater (wellwater)was an unimportantsource,sinceits activity
was very low and, in any case,the peoplereliedheavilyon catchmentof
rain ratherthanwells (Noshkinet al 1981).

Beforeconsideringthe data,the nonprofessionalreadermay wish to
consultNote 6 whichexplainsthe radiologicalusageof such termsas
exposureand dose,and the definitionof theirunits. It may alsobe
notedhere thatmy use of the termwhole-bodydose (internal)usually
signifiesthe committedeffectivedoseequivalent; the tissuedose
(internal)is usuallythe committeddose equivalent.DOE-1982used
integraldosescalculatedby the Livermoregroup,i.e.,the annualdose
(notcommitteddose)for each year was summedfor the periodof exposure.
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TABU3.#1

mRcB w Iau.uJrRADIATKM

.

Radicmudide

Cesi~137

Stmtiub
90

Plutcnim
-239

-240

Amricim
-m

Half-
lifei

Years

30

29

24,065

6,537

432

Princixal
RadiatimaPt

2’ ;’ ;4’
Mev MeV MN

5.23

5.24

5.57

0.187 .66

1.13 -

mlc’ticm
akrbed
frm gut

altd1

1.0

.3

.001

.001

.001

Annualbe (ran)
W pci/gintissuef ~

soft
tiasu aarrw

.010
(muscle)

1.93
(liver)
1.93
(liver]

(%

.a)9

.m

0.63

0.63

0.68

‘iICRPPublic8tia38. (Radicmclidetramfomticns)
b’we factlx,20.
c’@alityfactor,1.

●/ IcltpPuhlicaticm30.Su@mt toPart1. (1980),ad ICRPPukdicatims4 ~ 51for
tmnsumics. ‘hehalf-retentifmtim inliveris20years,inskeletm50m for~
transuranics.

‘/Ikxeinlyearfccinactivityofl~gmainti forthatyearintlwtissuesuhich
receivethehighestdwe uhm theradicnuclideising=td. (IWfer-, * F~~te “•)



TABLE3 #2—

RONGELAPISLAND: RADIONUCLIDESOILPROFILES~/(1978)

I Depth
(cm)

1~

I o-5

/ 10-15

; 15-25

; 25-40

1 0-40
I
I Numberof
Profiles

Averagespecificactivityfor dry soil (pCi/g)

=—

I 6.9

9 I 7.7

5.4
I 6.7

2.6 I 4.5

1.8 ‘ 2.1

5.0 4.6

27 I 20

Plutonium
‘239,-24o

3.2

2.0

1.1

.35

.07

.89

18

I

=4Americium
-241

1.0

.78

.41 ‘

.18

.08

.35

‘I The 1978profilesare fromRobisonet al, 1982,Part 4, AppendixB.
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4. DOSE

DOE-1982reporteddosesfor personalivingon RongelapIsland
for the period1978-2008; for the correspondingperiod1990-2020,they
wouldbe 258 less:—

(a) The “highestaverageamountof radiationthe peoplemight
receivein any part of the body”was 2.5 rem (over30 years). I take
this to be Livermore’s“integraldose” in whicheachyear’sdeliveryis
summedfor 30 years (Robisonet al, 1982b,Table17). I will compareit
to the co~itted whole-bodydose (rem)for 30 years (i.e.,the committed
effectivedose equivalentfor a standardman).

(b) The correspondingbone marrowaveragewouldbe 3.3 rem (Robison
et al, 1982b,Table 14). I take this to be the marrow “tissuedose”and
it is approximatelyequalto the committeddose equivalent.

DOE-1982statedthat the dosesare basedon the conditionof “local
foodonly from RongelapIsland’*(Note1). However,the dosesin facthad
been calculatedby the Livermoreteam (Robison,1982b)for the community
type B diet (Naiduet al, 1980). That diet involvesthe use of imported
foodsbroughtin on a regularbasisby supplyship to supplementlocal
produce. Uithoutsuch imports,the doseswouldbe higher.

DOE-1982used the Livermorefindings,but failedto utilizethoseof
BrookhavanNationalLaboratory. Theseincludedwhole-bodycountingto
determinecesium-137,a methodsuperiorto thatwhichcalculates dose
from the diet.

Here recently,Brookhaven’sresultswith the fissiontrackmethodto
determineplutoniumin urine,and from it the committedeffectivedose
equivalent,have yieldeddoseswhichdisagreewith thoseof the Lawrence
LivermoreLaboratorybasedon diet..This will be discussed.

23



4.1 ExternalDose

The 1978 aerialsurvey (Tipton& Meibaum,1981)providedDOEwith
importantinformationon exposureto falloutin the Nor-ternHarshall
Islands. As the surveyproceededsouthand east fromB.iiniAtoll,the
seatof the Bravoshot,the externalexposurerate fell ( Table4.1 #l).
It was calculatedfor 1 meterabovegroundlevel.

At RongelapAtoll (Figure4.1 #l), the islandsfell into four
exposuregroups (microroentgensper hour)fromnorthto south:Naen,
Yugui,Lomuilal(28-43~R/h),Eniaetok,Kabelle,Gogan (10-27~R/h);
Busch,Borukka,Gabelle,Tufa (5-9pR/h);Rongelapand Arbar (4.1-4.5
~R/h).

The externaldose (whole-body),was calculatedfromexposureby my
assuming1 roentgen= 0.7 rem tissuedose (Kerr,1980;U.N. 1982). For
RongelapIslandthe annualdose was .028rem,well belowthe EPA guideof
.170rem/year; 8 othermajorislandswere alsobelowthe guide (Table

-4.1 #l). The factorof 0.7 rem per roentgenwas used to allowfor the
smallersizeof the Rongelappeopleand the many children. The
conventionalvaluefor the 70 kg standardman is 0.61.

Thereis also a shallowdose to be considered,thatdue to beta rays
whichtravelfor shortdistances(< 1 cm) into thosepartsof the body
that are near or in closecontactwith the soil and thatare unshielded.
Theircontributionis consideredto be negligible(Note7).

Theseestimatedexternalgamma-raydose ratesare maximalones.
Indoorsthe rate is reducedby about508. Likewise,the rate is reduced
by about508 in the immediatevicinityof housesowingto the coral
gravelthat is spreadaroundthen {Singletonet al, 1987 and Robisonet
al, 1982b). This,of course,is importantin the case of infantsand
smallchildren.

Other annualcontributionsto externaldosagewhichare not included
come from cosmicradiation(.028rem) and medicalexposure. —

In summary,the contributionof falloutto the totalexternal
radiationdose at RongelapIslandin 1978was approximately.028rem per
year uncorrectedfor the shieldingwithinor aroundbuildings,which
would decrease the rate by 50%. The 30-yearwhole-bodydosewouldbe
.590rem allowingfor spontaneousdecay,but not shielding.
Environmentaldecaysuch as leachingof radionuclidesfrom the soilwould
reducethis estimatestillmore,but was not allowedfor.
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TABLE4.1 #1 AVERAGEEXTERNALEXPOSUREANDEXTERNALDOSERATES
(gammaray) FOR ISLANDSAFFECTEDBY BRAVOFALLOUT

(The1990doseswill be approximately75$ of thosefor 1978.)
t I 1 al 1 bl

AtOll an~
Reference

+ ‘ear E2t- ‘“’0::”)

BikiniAtoll
Tipton& Xeibaum

Shingletonet al

RongelaDAtoll
Tipton& Ueibaus

I I I genslhour
I

(1981) Eneu 1978
Bikini 1

(1987) Eneu 1986

I
Bikini

(1981)

Paretzke(Note8)

Greenhouse& Milten-
berger (1977)

AilingnaeAtoll
Tipton& Xeibaum(1981)

Paretzke(Note8)

UtirikAtoll
Tipton& l!eibaum(1981)—

,ongelap
I1978 I

~rbar I I
Busch,‘fufa~
Borukka,Gabelle

Eniaetok,Kabelle,
Gogan

Lukuen,Naentyu9uit
Lomuilal

Rongelap

Rongelap

Sifo

Hogiri
Enibuk

Utirik

1987

1977

1978

1987d

1978

2.7
35.0

--
--

4.5

4.1

5-9

10-27

28-43

redyear

.017

.215

.018

.160

.028

.025

.031-.055

.061-.166

.172-.264

4.1 (7)cd/.025

3.6-4.5

1.4

1.3 (1)
2.2 (1)

0.8

.022-.028

.009

.008

.013

.005

al
Measuredat 1 meterabovegroundlevel,correctedfor cosmicrays.

bl

c/

dl

Annual,whole-bodydose (millirem/year)calculatedas equalto 6.13x
10-0 x pR/hour. For the epidermaldose,see Note 7.

The averageof 7 locationsrangingfrom 2.2 to 4.6 ~R/hour.

Correctedfor decayback to 1978. See Note 9.
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4.2 InternalDose - LawrenceLivermoreNationalLaboratory

LawrenceLivermoreattackedthe problemby determiningwhat went
into the body by ingestionand inhalation(picocuriesper day), and then
applyingappropriatefactorsto such input (exposure)to obtainthe dose
in rem. Th&particularones I have used are givenin Table4.2 #1.

The majoruncertaintyof the “input”methodliesin the diet--noone
knowspreciselywhat it is, althoughseveralattemptshave beenmade to
defineit. DOE-1982used the BNL communityB diet,i.e.,one involvinga
greateramountof foodand also a greaterinputof contaminatedfood
(Note8). Naiduet al (1980)who originallydescribedit commentedthat
the diet representedprepared,not eatenfood,and thatin fact it was
more than a personcouldeat. This resultsin overestimationof dose.
The LawrenceLivermoregroupthatused it for dose calculations
concurred.

The 1978 specificactivitiesmeasuredby the Livermoreteamwere
made on 21 samplesof coconut,5 of Pandanus,1 of breadfruit,1 chicken,
2 pigs and 98 fish,on the wholea barelyadequatenumber (Robisonet al,
1981a,1982b). In 1986,however,thatLaboratorytookfor analysismore
than 75 samplesof coconut,●ore than 10 of breadfruitand someothers;
the resultswere in agreementwith the earlierones,and a summaryof all
data is shownin Table4.2 #l, calculatedfor 1990.

Sincethe Rongelappeoplehave expresseddoubtaboutthe reliability
and honestyof Departmentof Energyscientists(e.g.,thosefrom
Brookhavenand Livermore),a comparisontrialwas carriedout in December
1987 in whichsamplescollectedat Rongelapand Ailinginaein the
presenceof SenatorAnjainand otherswere dividedamongseveral
laboratoriesfor analysis(Livermore,Bremen,Neuherberg(Munich)and
Berkeley). The resultsdemonstratedagreement(Note9).

Cesium. I am taking3,400pCi/d (in1990)as the exposuredue to
cesium-137,basedon a totalfor foodslistedin Table4.2 #2 plus a 10%
allowancefor a ●iscellaneousvarietyof others (Note8, Table#l). The
whole-body,red marrow and bone surfacedosesare just aboutequal,
1.26 rem (Table4.2 #l).

Strontium. The strontium-90estimatesfor 1990 are basedon the
1978 samples: I have been unableto learnhow muchmore work has been
done sincethen. I am thereforetaking21.8pCi/dbasedon fieldsamples
plus a 25$ incrementfor othermiscellaneousfoods. The totalexposure
is 27.3pCi/d. The 30-yeardoses ●re: whole-body,.025 rem; red
marrow,.137rem; bone surfaces, .300rem. (Scaledback to 1978,they
wouldbe 338 more.)
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Transuranics.Basedon Table4.2 #l, the plutonium-239,-240
exposureis 0.293 pCi/d,and the 3@Year dosesare: whole-bodyt
.011rem; red marrow,.017rem: bone surfaces, ..14 rem. The =@riclum
doseswill be 35% of the plutonium-239,-240ones. The totaltransuranic
dosageis_therefore.015rem, whole-body.

Water. In the caseof catchmentwater (Noshkinet al 1981),the
‘radionuclidelevelsare no higherthan 3% of the guides. In the caseof
groundwater,the same is true except for strontium-90,whoselevelis
about258 of the guide (8 pCi/liter). (Theselevelshave been scaledto
1990.)

Inhalation. It is the transuranicsthatare of consequence.The
originalestimatesof respireddust were very mu:+ too high (Shinnet al
1980)and theyhave been reducedto make themmor. ‘ealistic(Robison
1988). The matteris discussedin Note 10. Takin,:hedailyintaketo
be 0.006pCi/d,the 30-yearadultdose is .027 rem ~ole-body, .041to
the red marrow,and .005rem to the bone surfaces.

Summary. The,.;individualdoseshave been multipliedby 1.33 to
scalethemback from 199(Tto 1978,the year in whichDOE-1982’Ssamples
were collected. It shouldbe recalledthat the followingestimates
dependdirectlyon the assumeddiet.

LivermoreAdult 30-yearD-
(typeB communitydiet)for 1978-2008*

Source Whole-bodydose
(rem)

Inhalation .027
Internaldose
-cesium-137 1.673
-strontium-90 .033
-transuranics .015

Externaldose ~

Totals 2.34 **

DOE-1982 2.500

Red marrowdose
(rem)

.041

1.673
.182
.023
~

2.513***

3.300

* To convert1990 to 1978,multiplyby 1.33
** Committedeffectivedose equivalent
*** Co-itted dose equivalent
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Ra3imuclide
& period

CES’U4-137
initialyear

*3O year

30-70year

SIWWIU+w
initialy12ar

*3O year

3*7Oyear

! PWTWIWti9.-24o
, initialyear
I
I 0-30year

I

*7O year

I
Nmucn?!-241

I initialyear

I 3&70year

c.ILD.E.~/

——.—..

1.7 z+’

3.7 E-4

2.2 E-4

4.7 E+

9.2 E-4

5.6 E-4

1.3 E-3

3.9 E-2

5.1 E-2

1.3 E-3

3.9 E-2

M

—. ____-.

1.7 E-5

3.8 E-4

2.4 E-4

2.4 E-4

5.0 E-3

3.0 E-3

1.9 E-3

5.7 E-2

7.4 E-2

We C.E.D.E

1.8 E-6

3.6 E-5

2.2 E-5

1.0 E-8

3.1 E-7

4.1 E-7

Like plutmim

5.7 ‘ E-2 I 1.6 E+

I&a plutcalim
I

5.3 E-4

1.1 E-2

6.6 E-3

2.4 E-2

7.3 E-1

9.6 E-1

7.3 E-1

1.8 E+

3.6 E-5

2.2 E-5

4.2 E-3

1.3 E-1

1.7 E-1

1.3 E-1

•/Itj,,~titb~y dietremaimcmatant,M thattheradhuclidesinit
d-w SP=~Y. ~ t~le$-ib d- fm inN/pi-es/W. Itti~
a MtP9(1987)uhicb_ f- inSv/Eq(=3.8x r’dpicocurie),ml iscxmsistcmt
tithI~~ticms (1~1986,1987)o’I’heeefactmallcwfcrtifractimof
rdiamclideti= frm h gut,itsdistrilwtiaad residenceth inW lniy,the
abwcptimad effectivmessofib rdiatimintbeMy, ad itsrateof@ysicaldecay.

81Wtted effectivebe equhlent (wkdeAuiy dose). Other dcses are aimittd dme

equivalanti (tissu ckae). Tb C.E.D.E.isthesm ofb be equivalerkato11tisswsof
ti~ofastmhrd man,eachmeightedbytheriskresult~fruaaunitdmeto that
t~as~totheriskfxma unit~totiutdeldy.

C/ E+ si@fi~: x l~g.
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TABLE4.2#lB
mTI(N

F’WKRS‘IO~ AIXRT“~ DAILYIW1’AKX(pCi/d”)‘K)~

‘WILEM3Y”OR‘TISSUE”DUSE(ran)RR DIITTJWW~Ci)S OFMY IM’lW‘i

Radhuclide
& *d

CESILM-137
initialyear

I

I 0-30year
I
( 30-70year

{
) smumun-90

initialyear

0-30year

30-70year

PWKMUM-239.-240
& AI@LIcIU4-241
initialyear

*3O year

3*7Oyear

C.E.D.E.b’

1.0 E-Y/

2.2 E-4

7.7 E-5

1.6 E-3

1.5 E-1

4.5 E*

6.0 E+

Rd
surfaces

9.9 E-6 1.1 E-5 9.4 E-6

2.0 E-5 2.2 E-4 1 2.0 E-4

4.2 E-4 4.6 E+

8.7 E-3 9.5 E-5

9.2 E-4

1.9 E-2

I
2.3 E-1 2.3 E-2 2.8 E+

6.9 E+ 6.9 E-1 8.4 E-1
I

9.2 E+ I 9.2 E-1 1.12E-2

=1Liver

1.0 E-5

2.2 E-4

3.1 E+

6.4 E-5

5. E-1

1.5 E-1

2.0 E-1

1
1

I

(

a‘Itisaswad that the radicmclidesinsoildecayspontaneously.‘hetableprotides
dosefactorsinren/pirxcuries/day.ItisbasedonNRPB(1987)whichprovidesfactorsin
Sv/Bq(=3.8x redpi~e), amiismmsistentwithICRPremmendations(ICRP1986,
1987).Thesefactorsallowforthefractimofradicnuclideabsorbed,itsdistrihticnand
residsncetime in the My, the ahsorpticmandeffectivenessofitsradiaticnintheIx@,
anditsrateofphysicaldecay.Seep.24.

~1Cuanittedeffectivebe equivalent(wble-bdydose).Otherdosesareamnitteddose
equivalents (tissue dose). The C.E.D.E. is the sun ofthedoseequivalentsto11tissuesof
theMy ofa stardarduan,eachweightedbytheriskresultingfrana unitdosetothat
tisswascunpsrdtotheriskfnxnaunitbetothewblebdy.

c, E-5 si~fia: X l@3.
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TABLE4.2#2
m~cWlWITYIN19W~/

Wltiplytbe~iua andstrmtimvaluesby1.33toscalethm f= 1978.)

—

Mm

Arnxlrwt

Breadfnlit

@Umlt
DrirMrgmeat
Drink.fluid
Copra
Hil.k
Spruuting

-D

-,

PadanlM

Fish

Poultry

Wild bids
lhasticmat
F&k

c15
crabs

Turtle
Srlaw
CmXultcrab
MXlter
SMU.fish

9

gdd

o
36
19

100
514
68
125
100

0
0

%

194

3
9
0
1.4

15
0

20

.1
12
1
.14

1310

*137

3.2
2.n
1.1

1.81
1.07
4.65
4.65
4.65

8.63

.019:

1.95
?

6.5

.OW

.Ola

?
2.n

J!cMl
*9O

10-a

7.3
2.64

.39
●U
1.7
1.7
1.7

11.8

.06

.45

.27

.41

.16

118

W

u-239,/Auer-241
240
~l&4! x 10+J

1.24

1.05

.51

.27

.56

.56

.56

.60

2.40

.1

.36

100

2.U

19.4

7.34
6.2

4.82
2.52
6.32
6.32
6.3

2.65

4.22

85

2.5

314

4.64

62.4

R
23-137

97.6
20.9

181
550
316
581
465

828

3.73

5.85

9.1

.02

.Z

2.n

MO

2.6
.50i

.39

.571
1.16
2.13
1.70

11.3:

.IJ

.01

.a

.M

.0:

1.18

23..8

.045

.m2

.W5

.014

.004

.007
●U

.00f

.04?

o

0

.15

.OtX

.002

ma-m

.m3

.001

.W

.013

.004

.008

.006

.003

.008

.a)3

o

.047

●al

.102

-data f~tbetypsB ~tY diet(Nsiduetal,1980)weresumliedthrauohthe
ccurtesy d Dr.WiUi-aL.Rabiscn;~ LivermreNatimalLsl&atory. -
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4.3 InternalDose - BrookhavenNationalLaboratory

Cesium. It is a curiousfact thatBrookhaven’sstudieswere not
utilizedby DOE-1982. Brookhavenhad chosenwhole-bodycounting,a
definitivemethodindependentof assumptionsconcerningdiet,to follow
cesiumin_theRongelappopulation(Conardet al 1980; Lessard1984b,c;
Hiltenbergeret al 1980),and one of primaryimportancein the present
casewherecesiumaccountsfor 95% of the dose.

The cesium-137body burdenfell from about670,000pCi in 1958-65to
about175,000pCi in 1979. It is of interestthatbody burdenfellby
75% in 20 years,whereasthe half-lifeof cesiumis 30 years. Perhapsa
changein eatinghabitsor a largerdegreeof environmentallossof the
radionuclidethanhas been establishedwere at work.

In any event,the Brookhavenestimatesfor whole-bodydose (1978)
are .027rem, and for the ensuing30-yearperiod.245rem (Note11,
Tables1,2). The 30-year dose was calculatedby extrapolatingthe curve
for the previousdozenyears.

A more conservativeassumptionwouldbe that the dose will fallonly
as a resultof spontaneousdecayby cesium-137. In thiscase,the
30-yeardose wouldbe .56 rem for whole-body,red marrowand bone
surfaces.

We do not have an independentfieldcheckon the accuracyof
the whale-bodyfieldmeasurements.The pointmay be made,however,that
it was this team thatdiscoveredthe precipitousrise in body-burdenof
the Bikinisettlersin 1977-78and who thereforecalledfor theirremoval
fromBikiniAtoll (Conardet al, 1980;liiltenbergeret al, 1980).

Strontium. Strontium-90dailyexcretionwas determinedby urine
analysisand the committedeffectivedose equivalentcalculated
therefrom. Threeautopsieshave confirmedsuch calculations(Conardet
al 1980,p. 115). The annualwhole-bodydose for 1978was less than .001
rem (Note11, Table 2); the subsequent30-year committedeffectivedose
basedon spontaneousdecayalonewhouldbe .015rem. The corresponding
tissuedosesare: red marrow,.079rem; bone surfaces,.179rem.

Transuranics.Althoughonly 104 of some 270 determinationshave
been lookedat, it is clearthat the resultscannotbe used as they stand
now. A fulldiscussionis presentedin Note 12; here we deal briefly
with the conclusions.

Plutonium-239was measuredin urinesamples,collectedin 1981at
Rongelap,usingthe fissiontrackmethod (ORAU,1987). The data appear
to be bimodallydistributedover a rangeextendingfrom 1 x 10-5pCi/d
(thepracticallimitof detection)up to 5 x 10-3 pCi/d. Neithersex nor
age appearsto play a primaryrole in determiningthisresult.
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The oral intakeassociatedwith the maximumurinaryoutput
wouldbe 38 pCi/dof plutoniusn-239,or 76 pCi/dof the threetransuranics
(plutoniun-239,-240;americium-241).It wouldseem impossibleto eat
thismuch;the minimumquantitywouldbe 5.6 kg of clamseveryday (Table
4.2 #2). The-30-yearwhole-bodydose from 76 pCi/dwouldbe 2.96 rem.

On the otherhand,the medianexcretionof about1 x 10-4pCi/d
wouldrequireeating1.2 pCi/dof all threetransuranics.Thiswouldbe
about3 timesthe currentlyestimatedoral inputusedby Livermore,based
on the communitytypeB diet,and presumablywouldbe possible. The
30-yearwhole-bodydose wouldbe .045rem. It is curiousand may be of
some significancethatthe medianof such an extendeddistributionshould
be withina factorof threeof the diet method’ssingleestimate.

Summary. In summarizingthe Brookhavenresults,two estimateshave
beenmade to coverthe uncertaintiessurroundingthe transuranic
determinations,one basedon the median,the otherbasedon the range
fromminimumto maximum.

Source

Cesium-137:

Strontium-90:

Transuranics
- median
- range

Externaldose:

Total:
- range

Brookhaven
30-Year(1978-2008)*Adultdoses
Whole-body** R~ marrow***

(rem) (rem)

.560 .560

.015 .079

.045 .068
.005 - 2.96 .008 - 4.33

.59 .59

1.21 1.30
1.17 - 4*13**** 1.24 - 5.49

● Not includinginhalation
** Committedeffectivedose equivalent
*** Coamitteddose equivalent.
****The estimatefallsbelowthe 5 rem guide for 30 years, evenwhen the
maximumtransuranicestimateis used - one whichwouldappearto be
dieteticallyimpossible.
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Figure4.3 #1. Adultcesium-137body burdenas a functionof time
sinceresettlementof RongelapIslandin 1957.

The maintenanceof the body contentdependson the radionuclide
intakefrom the diet. The physicalhalf-lifeis 30 years; the
physiologicalhalf-lifeis 110 days in ●en, 80 d?ys in,women,and
less in youthsand children. (1 Bequerel= 27 pxcocurxes;
1 nanocurie= 1,000picocuries)The ●aintenanceof the sPecific

activityof 1 pCi/gin soft tissuefor 1 year givesrise to a dose
of .01 rem.

(Figurecourtesyof l!.T. Lessard,BrookhavenNationalLaboratory.)

34



4.4 InfantDosaae

The dosesthathave been underconsiderationare for adults. In the
case of childre~and infants,the dosesmightbe differentowingto
variationsin (1)physicaland physiologicalprocessesand (2)dust and
diet.

Physicaland physiologicalfactors. Thesevariablesaffectthe
conversionfactorsin Tables4.2 #lA & #lB. For example,the smaller
sizeof childrencan diminishthe fractionof gammaray energyabsorbed
in the body; the residencetimeof the radionuclidein the bodymay be
less than in adults; the fractionabsorbedfromthe gut mightbe much
more.Furthermore,a long-livedradionuclidedepositedin the body at age
6 monthswill be dilutedby growthso that its “picocuriesper gram of
tissue”,on whicha dose depends,will fall significantlywith time.

Table 4.4 #1, basedon the UnitedKingdomNRPB report(1~$’lb), and
consistentwith the recommendationsof the ICRP (InternationalCommission
on RadiologicalProtection),showsthat the correctionsfor childrenare
well on theirway to disappearingby age 10 y, but are importantin the
firstyear or so of life. The correctionfor cesium-137is an increase
of not more than 208,but that for strontiumis about3.6-fold. For the
transuranics,it is 2.4-foldfor inhalationduringthe firstyear,but
for ingestionit is 22-foldfor monthsO-6, and 2.1-foldthereafterin
thatyear.

Thesefactorsare for committeddoseswhich in the caseof children
aged 10 and less are calculatedto age 70 yearsratherthan for the
standardizedperiodof 50 yearsin adults. For radionuclideswith short
physiologicalhalf-livessuch as cesium-137(lessthan 110 days),this is
of no consequence.But for the transuranicswith half-livesin liverand
bone marrowof 20 and 50 years,respectively,the extraresidencetime
adds to the 50-yearcommitteddose.

In general,it wouldbe expectedthat the smallerintakeof
childrenand infantswill compensatefor the increasedsizeof their
dose-factorscomparedto the adultones in Tables4.2 #lA & #lB.

Sincethereare almostno directlypertinentRongelapdata on such
inputs,we have approachedthe problemin two ways. First,we have made
some calculationsaimedat settingupperbounds.

Second,we have attemptedto obtaininformationfrom the
HarshallIslandson infantand smallchilddiets.
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Table4.4 #1

CHILDREN: FACTORSTO CONVERTANNUALOR 30-YEARCONSTANT
INTAKE(pCi/d)TO DOSE (rem)

—

(Thefactorsfor adultsin Tables4.2 #lA & #lB are to be multipliedby
the relativevaluesin this table)

Aae at Exposure
30-year

Nuclideand route ~ 20 yr~l 10 yrb~ 1 yrbl O-6 mobi exposureci

CS-137 Ingestion 1 1 1.1 1.1 1.02
Inhalation 1 1 1.2 1.2 1.03

Sr-90 Ingestion 1 1.4 3.6 3.6 1.54
Inhalation 1 1.4 3.7 3.7 1.56.

PU-239‘~ Ingestion 1 1.3 2.1 22. 1.63
Inhalation 1 1.3 2.4 2.4 1.35

al Adult. The adultdose commitmentis

bl For childrenthe commitmentis until

CI 30 yearsof constant“adult”intake,

for 50 years.

age 70.

beginningat age O. Sincethe
intake~f childrenin fact is much smallerthanof adults,the truevalue
will be much closerto 1.

‘1 Also plutonium-240and americium-241.
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Cesium-137in mothers’milk. The cesiumcontentof mothers’silk
was determined_onsamplesfrom threeBikiniwomenin 1979,ninemonths
afterleavingBikiniwheretheyhad been residentfor 3-8 years
(Hiltenbergeret al, 1981). The mean body burdenof cesium-137was .13
uCi (.09- .18);the specificactivityof the milk averaged.40pCi/ml
(.26- .53); the mean specificactivityof milk was therefore3.3 x 10-6
timesthe body burden.

In 1977on Rongelapthe mean body burdenof cesium-137in womenwas
.251uCi. Applyingthe Bikinifactorgives .83pCi/mlfor the specific
activityof cesium-137in Rongelapmilk. Takingmilk consumptionto be 2
litersper day, the committeddose generatedin monthsO - 12 wouldbe

(2,000x .83)x (1.1x 1.7 x 10-5)= .030rem.

Transuranics. We have no data for the consumptionby childrenof
plutonium-239,240and americium-241and thereforeestimatetheirdosage
as follows:

(a) For ingestion,supposethat infantsand childreneat as muchof
the transura-nitsas do adults. Takingthe worstcaseof no supplyships
for the entireyear,so thatonly locallyproducedfoods are consumed,
Livermorenow estimatesan adultintakeof 1.8 pCi/d (Ref.Robison).

For intakeduringthe period0-12monthsof age the estimated
committedeffectivedose equivalentwouldbe:

(1.8)X [(2.1+ 22)/2]X (1.3X 10-3)= .028rem (lsty, ingestion)

Of this committeddose,not more than .019rem wouldin factbe received
duringthe firstyear.

(b) To thiswouldbe addedthe dose from inhalation(Section4.2).
Taking .024pCi/das the adultexposure,whichwouldbe a liberal
allowancefor the infant,the committedwhole-bodydose wouldbe:

(.024)x (2.4x .15)= .009rem (O-1year,inhalation)

On this somewhatspecialbasis,the committedeffectivetransuranic
doseswouldbe 0.037rem (lstyear). The dose absorbedduringthe first
year presumablywouldbe no more than .025rem.
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Diet. We.havealso attemptedthroughthe assistanceof the Peace
Corpsto findout quantitativelywhat infantsand smallchildreneat.
(Suchinformationwill be of valueto the professionalnutritionistsin
the MarshallIslandsas well as to ourselves.)The Corpsvolunteers,all
of whom speak?larshallese,carriedout inquirieson theirown islandsof
residencewhere theyare familiarwith the localsceneand people,and
have livedfor at leastone year. The dietswere ascertainedby living
with a familyfor one day on two separateoccasionsand recordingwhat
was eatenby the child (Note13).

At presentwe have only the returnsfrom 5 islandsd~ : atolls,
comprising21 children,7 monthsto 4 yearsof age (butch: ly below
1 year). The principalfinding,as mighthave been expect;:,is that
childrenare breastfed untilwell past 6 monthsof age, in factoften
into the firstyear.

A secondimportantfindingappearsto be that additionalfoods
duringthe weaningperioda~ often,if not usually,imported. The diet,
however,variesgreatlyfrom familyto family,as well as fromday to day
(tojudgeby thesetwo-daysamplings).

I have used Table4.2 #2 and relatedmaterialin calculatingthe
dailyintakeof cesium-137,from the individualdiet reports. The two
reportsfok each childwere averaged,and thenan averageobtainedfor
the island. In the summarybelow,the islandmean is followedby the
range,followedby the numberof children,in parentheses.

1. Ine Island,Arno: 128 pCi/d (0-210;3)
2. Buoz Island,Ailinglaplap: 113 pCi/d (0-215;5)
3. KavenIsland,Maloelap: 212 pCi/d (58-343;3)
4. Woja Island,Ailinglaplap: 405 pCi/d ( 7-995;9)
5. Wotje Island,Uotje: 500 pCi/d (215-785;2)

The maximumindividualdailyintakeof cesium-137indicatedby these
sampleswas not a constantone, but may be used to estimatewhat is
probablyan upperboundfor dailyconsumption.For 1000pCi/dof
cesium-137~the dose wouldbe (1990):

(1000)x (1.1x 1.7 x 10-S) = .019rem (committedfirstyear dose)

Scaledto 1978,it wouldbe .025rem.The strontium-90dosewouldbe less
than 58 of this.

It is not claimedthat theseresultsare definitive.Nonetheless,I
believethat thesedata do provideat the very leastsignificant
orientationto the problem. Accuratedata are very hard to obtain,
accordingto the volunteers,and the investmentin time-- about2 days
per child-- has been a very largeone, indeed. One difficulty
encounteredwas gettingthe mothersto understandwhat kindof
informationwas wantedand why. No briefinterrogatoryvisitscould
obtainreliabledata. The studyis stillgoingon, and it is hopedthat
more informationwill be availableby October.
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Summary. A-maximumtypeof internaldose estimatefor age 0-12
months (1978)can be made by addingthe threedosesjustdeveloped:

Cesium-137in breastmilk (2 liters/d) .03 rem

Transuranics(intakeequalto thatof
adults): .04 rem

PeaceCorpscesium-13?estimates: &@

Total: .095rem

The estimateis thereforeabout .095rem/day. However,it must be
recalledthat infantsdo not drink2 litersof breastmilk per day -- a
betteraveragemightbe 1 liter;the transuranicdose duringthe first
year (notcommitteddose)wouldbe closerto .025rem; the dailyaverage
of non-milkcesiumintakecouldbe materiallyless than thatstated. A
maximumtotalof .05 rem seemsmore likelyat present.

Untilwe,havea more extensiveappraisalof what the infantand
smallchilddiet is, it wouldbe wise to withholdfinaljudgement.The
informationin hand,however,does providespecificorientationto the
methodologyof the problemand the magnitudeof the dosesinvolved.



4.5 Dose Summary

The dosageproblemas developedin this Reportbreaksdown into
threepartq: the adultdose,the uncertaintyintroducedinto the adult
dose by the transuranics;the infantdose.

(a) Adultdose. For the 30-yearperiod1990-2020,the one of
currentinterest,the followingtabulationshowsthatall threeestimates
of the adultdosemeet the 5 rem guide (communitytypeB diet).

Rongelap: 30-yearAdultExposure(1990-2020)

Source Whole-body Red marrow
(rem) ‘(rem)

Livermore l.ao* 1.88**

Brookhaven**** .91* .98**
(.88- 3.1) (.93- 4.1)

DOE-1982*** 1.9 2.9

* Committedeffectivedose equivalent
** Committeddose equivalent
-*** Integraldoses
****The aediantransuranicdose was employed.

The Brookhavendosesare abouthalf the others; cesium-137was measured
with the whole-bodycounter,the preferredmethodfor its determination.

DOE-1982statedthat the diet on whichits reporteddoseswere based
consistedonly of localfoodsfrom RongelapIsland. That statementis
incorrect. LawrenceLivermorecalculatedthe citeddose on the basisof
the communitytypeB diet,and thatdiet (forcomparability)has been
used for the calculationof all dosesabove.

The cancerrisk for 500 personssettledon RongelapIslandand
receiving1.9 rem over the next 30 years wouldbe:

500 x 1.9 x 2.5 x 10-4 = .24cases

The risk factorusedhere is 2.5 timesthatadvocatedin the National
Academyof Science(1972)report. It is lowerthanwhat is beingused
for the Japanesesurvivors(Shimuzuet al 1987: Preston& Pierce1987),
but theyexperiencedhigh-doseand high-dose-rateexposurewhereasthe
Rongelapexposurewouldbe low and at an extremelylow dose-rate.

40



The risk factorfor firstgenerationgeneticdefectsis smallerthan
thatfor cancermortality(NationalAcademyof Sciences,1972; NCRP,
1987a),beingapproximately1 x 10-4. Furthermore,sinceno genetic

effectshave been recordedas yet for the Japanese(RadiationEffects
ResearchFoundation,1987),it is unlikelythatany wouldbe foundhere.

(b) Transuranics.The Brookhavendose estimatesvary
significantly,reflectingthe transuranicdata whichmay vary by a factor
of 1,000. Couldthisbe “real”? Probablynot. To supplythe
transuranicoral inputnecessaryto maintainthe maximumurinaryoutput
recorded,it wouldbe necessaryto eat 5 kg of clamseveryday -- or even
largeramountsof otherfoods.

Obviously,somethingis radicallywrong,technicallyor
physiologically.Contaminationis one possibility(urinecollectionin
the tlarshallsis difficult).Or conceivably,an inbornerrorof
metabolismallowscertainindividualsin the generalpopulationto absorb
100 timesas much from the gut as thatwhichthe ICRP recognizesas
normal.

It is thereforeessential,as emphasizedin the PreliminaryReport,
that the problembe studiedimmediately.As a start,additionalurines
shouldbe collectedrepeatedlyfrom the same individualsunderrigorously
controlledconditionsto determinethe reproducibilityof results,and
whichsimplechangesin lifestylemightaffectthem.

(c) Infantd=. The questionof infantand childhooddosagehas
been raised,and is a sensitiveissue. The maximuminternaldose for
months0-12 appearsto be 0.1 rem. More informationshouldbecome
availableby October. Accordingto the ICRP tables,the doseper unit
intakeis 2 - 3 timeshigherfor smallchildrenthanfor adults,but
childreneat less so that the two factorstendto cancelone anotherout.
In any case,the observationsthus far shouldnot give rise to alarm,but
theymust be followedup.

(d) The foregoingcommentsapplyto the future.But what aboutthe
influenceof the past? The Rongelapresidentsexposedto the Bravoshot
receivedan ●cute dose of 190 rem in 1954; during1957-1978they
receiveda chronicdose of 3 rem. Hy opinionis thatthe additionto
thesepast dosesof somethinglike 3 rem duringthe next 30 yearswill
not appreciablyincreasedetectablehealthand geneticrisksin a way
thatshouldprecludereturnto RongelapIsland.
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5. DISCUSSION

5.1 Comment
—

Section4.

AND RECOMMENDATIONS

5 summarizesthe basicresultsof thisreport. They must
be viewedfrom two angles.

First,from a technicalpointof view,theyprovidea reasonable
basisfor assessingthe Rongelapdosageproblem. It seems clearthat
underthe ordinaryconditionsof Rongelaplife,thereis no significant
radiationdangerassociatedwith residenceon RongelapIslandfor adults.
The implicitassumptionin this statementis that the dietwill be
equivalentto thatof the past. To what extentthatwill be trueafter
resettlementcan only be learnedby monitoringthe inhabitantswith
whole-bodycountingequipment,as done by Brookhaven,supplementedas
necessaryby urineanalysis. Any othermethodsuch as thatused by the
Livermoregroupsmust assumea diet in orderto calculatethe dose.

In the case of infantsduringthe firstsix months,whiletheyare
breast-fed,it will be the mother’sdiet thatultimatelydeterminesthe
dose. However,knowingthe mother’sbody burdenby whole-bodycounting
will make possiblea predictionof her milk’sspecificactivity. Or
directmeasurementscan be made on the milk itself. Presumably,a “safe”
mothershouldbe associatedwith a “safe”baby.

On generalgroundsone can estimatethe dosageto infantsand
children. Whole-bodycountingcan be done only if the childwill be
quiet. My interestin enlistingthe help of PeaceCorpsVolunteers(who
speakHarshallese)was to see if the data obtainedwithinthe home would
make it obviousthatthe childrenwere receivingobviouslyexcessive
exposure. The resulthas been negative,at leastthus far.

Thesenegativefindingswith respectto radiationhazardsare
unpopularones,at leastfor someof the Harshallese(andtheir
advisors), and understandablyso. Theirhistoryof irradiationwithout
warning,and the subsequentdevelopmentof thyroiddisease(although
originallytold nothingwouldhappen)initiateda distrustof the Federal
Governmentwhichhas neverleft them,and feelingsof uncertaintyas to
the natureof theirenvironment.

The secondpointof view is thereforethatof the Rongelapperson
who does not have a graspof technicalmatters,but who for one reasonor
anotherdistruststhe establishmentwith whichhe or his representatives
must deal.This situationis oftenif not alwayscomplicatedby the fact
that the conceptof “objective”judgementis a foreignone. The judgeis
eitherfor themor againstthem,but he cannotgive a dividedopinion.

Duringthe courseof thiswork,I have had criticismfrom Senator
Anjainand from two of the consultantswho regardthemselvesas working
for him. It wouldbe fruitlessto answertheircommentsone by one (two
lettersfrom themwere attachedto the PreliminaryReport). Here I
attacha letterfrom SenatorAnjainof June 25, 1988,in orderto present
his viewsand reactionsto thisproject. The letteris best judgedby
comparingit to the contentsof this Report. Note 15.
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5.2 Recommendations

Howeverthe programis set up, I re:mmend that it coverthe
followingitems.

(1) Reinstitutewhole-bodycountingfor cesium-137now to
establisha base lineof comparisonto be used when the people
returnto Rongelap. Ue know,of course,that theircountshave not
been excessive.

2) Studythe plutoniumexcretionin urinenow as a research
projectto determinethe reproducibilityof the fissiontrackmethod
and how environmentalfactorsmightinfluencethe results.

(3) Extendthe studyof infantdietsand thoseof small
children. This will be much more time consumingthan foreign
consultantsmightsuppose.

(4) Developa plan to controlcontaminationto the extent
necessaryto make the Rongelappeoplefeelcomfortablewith their
Atoll. Two methodsdevelopedat BikiniAtollmightbe adaptedfor
use here -- soil removalor soil treatmentwith potassiumsalt.The
plan wouldbe a gradedone in whichthe northernislandswould
receivemore treatmentthanRongelapitself(whichwouldreceive
little,if any).

(5) The preludeto suchplanningwould includecontamination
surveyson the importantislandswherefood is produced.

(6) For the present,at least,I recommendno foodgathering
on islandsnorthof Borukkaand Eniaetok.

(7) The fact thatRongelapappearssuitablefor resettlement
now shouldnot be lost sightof. The Rongelappeopleshouldask
themselveswhat furtherevidencedo theywant,or what stepstaken,
to make them feelcomfortableaboutthis. Uill theyever feel
comfortableaboutit?
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NOTESCITED IN THE TEXT

N.1

The followingis quotedfrom “TheMeaningof Radiationfor
ThoseAt_ollsin the NorthernPart of the MarshallIslandsThat
Were Surveyedin 1978”,U. S. Departmentof Energy,Washington,D.C.,
November1982,page 39:
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N-2 COMPACT OF FREE ASSOCIATION
ACT OF 1985

.

PUBLIC LAW 99-239-JAN.14,1986 99 STAT.1’783

departmentoragencyofthe UnitedStatesorbycontractwitha
UnitedStatesfirm)shallcontinueb providespecialmedical

.careandlogisticalsupportthereto for the remaining 174 mem-
bem of the populationofRongelapandUtnkwhowereexposed
toradiationresuitingfromthe1954UnitedStatesthermo-
nuclear“Bravo”@s& pursuanttoPublicLaws95-134and
96-205.Such medical mre and ita accompanying logistical support
shall total $22,500,000 over the first 11 yea= of the Compact.

(2) AGRICULyRAL AND IX)(3DPRW~MS.—~otwithstanding
any other provLslon of Iaw, upon the request of the Government

,of the bfarshail Islands,for the firstfiveyears aftir the effec-
tive date of the Canpact, the President (either through an
appropriate department or agency of the United states or by
contract with a United Staks firm) shall provide bxhnical and
other assistant=

(A) without reimbursement, to continue the lanting and
Eagricultural maintenance program on Eneweta ;

(B)withoutreimbumement,tocontinuethefoodpr~
gramsoftheBikiniand Enewetak people described in
section l(d) of Artic!e II of the Subsidiary Agreement for
the Implementation of Section 177 of the Compact and for
continued waterborne transportation of agricultural prod-
ucts to Enewetak including operations and mainknance of
the vessel used for such purposes.

(3) pAYMENTs.-payments under this subsection shall be prm
vialed to such extent or in such arnounta as are necessary for
services and other assistance provided pursuant to this subsec-
tion. It is the sense of Cangress that after the periods of time
specified in paragraphs (1) and (2) of this subsection, consider-
atiofi wiil be given to such additional funding for these pro-
grams as maybe necessary.

(i) RONCELAP.+1) Because Rongelap was directly affected by
fallout from a 19S4 United States thermonuclear teat and because
the Ronge]ap people remain unconvinced that it is safe ta continue
to live on Rongelap Island, it is the intent of Congr~ ta take such
s~ps (if any) as may be necessary ta overcome the etlkctg of such
fallout cm the habitability of Rongelap Island, and to restore
RongelapIsland,ifnecessary,sothatitcanbesafelyinhabited.
Accordingly, it is the expectation of the (hgmss that the Govern-
ment of the Marshall Islands shall use such portion of the funds
s
r

ifled in Article II, section l(e) of the subsidiary agreement for
t e implementation of section177oftheCampactasarenecessary
forthepurposeofcontractingwithaqualifiedscientistorgroupof
scientiststoreview the data colkct.A by the Department of Energy
relating to radiation !evels and other csndkkms on !lo~ge!~p Is!acd
resulting from the thermonuclear test. It is the expectation of the
Congress that the Government of the Mamhall islands, after con-
sultation with the people of Rongelap, shall select the party to
review such data, and shall contract for such review and for subm&
sion of a report ta the President of the United States and the
Con ess as b the results thereof.
(2~Thepurposeofthereviewreferred to in paragraph (1) of this

subsection shall be to establish whether the data citai in support of
the conclusions as to the habitability of Rongelap Island, as set forth
in the Department of Energy report entitled: “The Meaning of
Radiation for Those Atolls in the Northern Part of the Mamhall
Islands That Were Surveyed in 1978”, dated November 1982, are

91 sat.1159.
94 stit.84.

President of US.

Post, p. la12.

Hazardous
materiah.
hat rscts.

Post,p.1812.

Report.

Report.
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99 STAT. 1784— PUBLIC IAW 99-239—JAN.14,1986

8

Harardous
materials.

Ante. p. 1781.

91 stat.1159.
94 Stat.”,84.

Hardous
Inab?ti.

adequate and whether such conclusions are fully supported by the
data. If the patiy reviewing the data concludes that such conclusions
as to habitability are fully supported by adequate data, the repofi to
the President of the United States and the Congress shall so shte. If
the party reviewing the dab concludes that the data are inadequate
to support such conclusions as ta habitability or that such conclu-
sions as to habitability arenot fully supported by the data, the
Governrnent of the Maxshall.Islandsshallcont~ctwithanappr~
priatesclent~tor group of scientists to undertake a complete survey
of radiation and other effects of the nuclear testtig pro~am relat-
ing to the habitability of Rongelap Island. Such SUMSas are nec-
eiaary for such survey and report concerning the results thermf and
as to steps neededtorestore the habitability of Rongelap Island are
authorized to be made available to the Government of theMarshall
Islands.

(3) It ia the intent of Congress that suchsteps(ifany)asare
necessaryb restorethe’habitabilityofRongelapIslandandreturn
theRongelappeopIetotheirhomelandwillbetakenbytheUniti
StatesinconsulhtionwiththeGovernmentoftheMarshallIslands
and,inaccordancewithitaauthorityunder the Cmistitution of the
Marshall Islands, the Rongelap local government council.

(j) FOUR ATOLLHEXLTHCARE PROORAM.-(I) services providd by
the United States Public Health Service or any other United States
agency pumuant to section l(a) of Article 11of the Agreement for the
Implementation of Section 177 of the Compact (hereafter in this
subsection referred to as the “Section 177 Agreement”) shall be only
for =MCS to the Pwple of the Atilla of Bikini, Enewebk,
Rongela , and Utrik who were afkcted by the consequences of the

EUnitA ta@s nuclear testing program, pursuant to the program
described in Public IAw 9%134 and Public Law 96-205 and their
descendants (and any other pe~ns identified as having been so
affected if such identification occurs in the manner described in
such public Jaws). Nothing in this subsection shall be construd as
prejudicial to the views or policies of the Government of the Mar-
shall Islands u to the persons affected by the consequences of the
Uniti SLateanucleartestingprogram.

(2) At the end of the first year after the efktive date of the
Compact and at the end of each year thereafter, the providing
agent or agenciee shall return to the Government of the Marshall

JI&n s any unexpended funds ti be returned to the Fund Manager
(as described in Article I of the Section 177 Agreement) to be covered
inta the Fund ‘to be available for future use.

(3) The Fund Manager shall re-in the funds returned by the
Government of the Mamhall Islands pumuant to par .aph (2) oi

Tthis subsection, shall invest and man e suchfunda,an attheend
Tof15yearnaftertheeffectivedateofteCompacLshallmakefrom

thetotalamountsoretainedand theprweedsthereofannual
disbu~mentssufficienttocontinuetomake paymentsforthe
provisionofhealthseMcesasspecifiedinparagraph(1)ofthis
subsectiontasuch extent as may be provided in contracts between
the Government of the Marshall Islands and appropriate United
SQtes providem of such health seMces.

(k) ENJESI tiMMUNITY ‘Ikm Furm.-Notwithstanding any other

Lo
revision of law, the Secrets of theTreaauryshallestablishonthe ‘

%ksoftheTreasuryofthe nit+S@teeafundhai+qthe sbtus

Fast p.1812.
specified in Article-V of the subsidiary agreement for the ixn-
plementation of Section 177 of the Campact, b be known as the
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N-3 The followingcommentsrelateto the timingof the evacuation
of the Rongelappeople.

.

(a)–Accordingto C. L. Dunham,Directorof the AEC Divisionof
Biologyand Medicine,(Cronkiteet al, 1956), “unexpectedchanges
in the wind structuredepositedradioactivematerialson inhabited
atollsand on shipsof JointTask Force7, whichwas conducting the

tests. Radiationsurveysof the areasrevealedradiationlevels
abovepermissiblelevels: thereforeevacuationwas ordered,and was
carriedout as quicklyas possiblewith the facilitiesavailableto
the JointTask Force”.

(b) Accordingto HerrilEisenbud(personalcommunication,see
references)a scientificmemberof the Task Force,“Thereare many
unansweredquestionsaboutthe circumstancesof the 1954 fallout.
It is strangethat no formalinvestigationwas ever conducted.
Therehave been reportsthat the devicewas explodeddespitean
adversemeteorologicalforecast. It has not been explainedwhy an
evacuationcapabilitywas not standingby, as had been recommended,
or why therewas not immediateactionto evaluatethe matterwhen
the Task Force learned(sevenhoursafterthe explosion)that the
AEC Health& SafetyLaboratoryrecordinginstrumenton Rongerikwas
off scale. Therewas also an unexplainedintervalof many days
beforethe falloutwas announcedto the public”.

(c) Sincethe Rongelapesehad been evacuatedpriorto previous
tests,it is not clearwhy the usualprocedurewas changed. In
February1954,Dr. Bertellhas toldme, MagistrateJohn Anjainof
Rongelapwas told aboutthe Bravo test,but was not giventhe date.
liesaid that “thereare no ordersfromWashingtonto evacuatethe
people”.

(d) Rongelapwas evacuatedon March3, 1954,approximately50-55
hours afterthe shot.
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N-4
This note dealswith the missionof the medicalprogramat Rongelap

(letterfrom l?.H. Adams,M.D.),somemedicalfindingsat the timeof the
relocationof the Rongelappeoplein 1905 (letterfromDr. Adamsto Ur.
RogerRay),and a detailedsummaryof the thyroiddosagefromexposureto
falloutin 1954.
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NOTE 4: INTRODUCTION- THE MISSIONOF THE MEDICALPROGRAM.
~ ——— —— — — —

13’]”]]
BROOKHAVEN NATIONAL LABORATORY

[1 (1 !
ASSOCIATED uNIVERSITIES, INC.

Upton, Long Island, New York 11973

—
(516) 282\

Medical Department FTS 666/

April 28, 1988

Henry Kohn, M.D.
Rongelap Reassessment Project
1203 Shattuck Ave.
~erkel~y, California 94709

Dear Dr. Kohn,

Let me state briefly what the Brookhaven National Laboratory
Marshall Islands Medical Program is and what it is not.

The medical program is mandated by Ccngress under Public Law
95-134 to provide for diagnosis and treatment of radiation-
related disease among the populations of Rongelap and [Jtirik
exposed to Bravo fallout radiation in 1954. The U.S. Department
of Energy fulfills this mandate by contracting with the medical
d~partrnent, Brookhaven National Laboratory, to provide said care,
The Department of Energy has permitted, hY providing the
necessary operating funds, an extension of the program to cover
many aspects of health care unrelated to radiation exposure and
to offer medical services to a great number of unexposed persons.
No funds are made available for research because Congress did not
intend the medical program to carry out research; clinical care
of the injured parties is the program’s sole purpose. Therefore,
all activities of the medical program have a clinical goal, that
being improvement of the health of the population identified in
PL 95-134. The ability to disseminate the capabilities of the
medical program among the general Marshallese population
represents the natural tendency of any health care organization.
It is to the great credit of U.S. Department of Energy personnel
responsible for carrying out the Congressional mandate that this
expansion of Coverage has been warmly supported.

Sincerely yours,

William H. Adams, M.D.
Director, Marshall Islands

Medical Program
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N-4A

The followingletteris fromDr. W. H. Adamsof BrookhavenNational

NationalLaboratoryto Dr. RogerRay of DOE.

210s

My 10, 1985

.

Mr. Roger Ray
Deputy for PacJflcOperations
Nevada Operations Office
Department of Energy
P*O. 80X 14100
Las Vegas, NV

Dear Roger:

In view of
precipitated by

89114

the recent evacuation of Rongelap, which appearsto have been
concern about harmful residual radioactivity on the atoll, we

have reviewed our medlca] recordsto see if there 1s any cllnfcal evidence
that supports this conclusion and courseof action.

Since 1957 an unexposed population of Harsha]lese of Ronqelap ancestry
has been examined periodically by the Urcokhaven medical team. This
population (the Comparison group) is similar in age and sex distribution to
the exposed people of RongeIap. The reason for examination of the unexposed
group has been to obtafn baseline incldences of diseases in the generaJ
Narshallese population as an ●id in detection of previously unidentified
radlatlon hazards which mfght affect the exposed group.

Collected data on the unexposed people are sufficient to assess the
effect of residence on Rongelap (since 1957) on longevity, thyroid neoplasla,
and blood counts. We have done a retrospective analysis of their medical
records; 133 of the group are living and 54 are deceased. We have arbitrarily
selectedfor ●nalysis the followlng dlvlsions of years of residenceon
Rongelap$

Short-term - <3 years (average, l.O years)
Intermediate - 4 - 14 years (average, 7.5 years)
Long-term - >15 years (average, 20.9 years)

The place of residence for ● given year is deffned as the place where an
lndlvldua~ reoelved hls medical examination. Since there iS considerable
mlgratlon of MarshaJ~ese aaong the atolls, the site of examination may not
always be tha same as the site of residence. overall, however, there should
be a good correlation between the two.
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Mr. Roger Ray
~ly 18, 1985
Page 2

Effects on Lonqevity

There Is noevldence that prolonged residence on Rongelap since 1957 has
resulted in a shortening of llfe expectancy:

Residence Category tMber of Deaths Mean aqe at Death
Short-term 20 61.4 years
Intermediate 27 66.6 years
Long-term 5’ 70.0 years

Total =* Average 64.9 years

● Does not include 2

Effects on Thyroid Neoplasla

accidental deaths.

There 1s no evidence that prolonged residence on Rongelap since 1957-has
resulted in an increase in thyroid neop~asla. Nine unexposed persons in the
Comparison group have had surgery for thyroid nodules;

Number with
Residence Number Nean Aae Th~rold Nodules Hmber of

( Cateqary of Persons in 1985 {yr) - R-veal Thyrr)ld Cancers
Short-term 58 47.1 4 (7%) 1
Intermediate 46 66.4 3 (7%) o
Long-term 29

Total ~
46.9 2 (7%)

T

These figures apply
are livlng. All of
allve.

to the 133 unexposed persons in the Comparisongroup who
the 9 persons who had thyroid nodules removed are still

Effects on Olood Counts (198S data)

There Is no detectable ●ffect of residence on Rongelap

Residence Number Neutrophils/ul Lymphocytes/u]

on bload counts~

PlateJets/ulx103
Category Tested $so •~!m *SO
Short-term 24 4851a2U89 2754*1006” 279*111
Intermediate 40 3838* 992 2835* 908 292* 59
Long-tern 26 4366*1551 2612$ 787 262* 51

A test of equallty of means showed no statistically s~gnlflcant differences
among the three categories. Note that the number of blood testsperformed
(90) is less than the numberof persons in the Comparison group. This Is
because not all were seen M the March-Aprllc1985,survey.

(
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Mr. Roger Ray
%~y 18, 1985
Pdge 3

—

We have also considered thyroid nodules and current blood cell counts as
they may re]atc to early residence on Rongelap, since a greater radiation risk
would have existed during the early years after the 19S4 fallout. Thirty-four
persons in the Comparison group resided in RonqeIap for 4-6 years comnenclng
with the return to the atoll in 19S7. Only 1 aodule, an “occult carcinoma”,,
has occurred in this subgroup (3.0%), whereas the other 8 nodules, includlng
the two true thyroid carcinomas, occurred in the other 99 persons fn the
Comparison group (8.1%). There was also no difference in blood cell counts:

Time of Number l+eutrophils/ul Lymphocytes/ul Platelets/ulx103
Residence Tested (198S) *SO *SD *SD
Zarly 29 4032*1543 2713*836 267k57
Late 77 4349*1599 2756*951 2bt}~80

If you wish us to examine any other parameters do not hesitate to ask.

Sincerely yours,

‘$illlarn H. Adams, H.l!.

WA/elr

.-
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TABLEN.4B #1 THYROIDDOSE FROM INDIVIDUALRADIONUCLIDES
IN FALLOUTTO THE ADULTKALEa6

.----s ------------ ------ ------ ------ ------ ------ ------ ------ ------ ------

Source Half-1ife Per centphysical Dose
decayin 3 weeks rads

-------------------------------------------------------------------------

Internalexposure

Iodine-135 6.6 h 100% 190 rad

Iodine-134 53.2min 1008 3

Iodine-133 21 h 1008 550

Iodine-132 2.3 h 100% 7

Iodine-131 8.04d 84% 130

Tellurium-131 30 h+ 8.04d 798 120

Tellurium-131m 25 min + 8.04 d 84% 13

Externalexposure 190

Totaldose 1203——

---------------------------------------------------------------------

‘J Lessardet al, (1985)

bt Exposureto the fallouton RongelapIslandoccurredfor about45

hours. The falloutfell for about7 hours.
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TABLE N-4 B #2
Total Thyroid Abcorbed-Dooe Estimate (19S4)

Average I!atihte, rad~

Bongelep I-lend S{fo Island IJtfrik Islahd

Age Internel External Total Internal External Total Internal External Total

Adult Msle
Adult Female
Fourteen-Yesr-Old
Tuelve-Yesr-Old
Nine-Yeer-Old
Six-Yeer-Old
One-Year-Old
Newborn

- In Utero, 3rd tri.
In UteroO 2nd tri.

Adult lfal~
Adult Feuh
Fourteen-Yeer-Old
Tuelve-Yeer-Old
Nine-Yesr-Old
Six-Year-Old
One-Tear-Old
Newborn
In Utero, 3rd tri.
In Ut@roS 2nd trio

1000
1100
1400
1600
2000
2400
5000

250
680

4000
4400
5600
6400

9600
20000
1000
2700

190
190
190
190
190
190
190
190
190

‘ 190
190
190

! 190
190
190
190
190
190

1200
1300
1600
1800
2200
2600
5200

440
870

280
290
410
450
540
640

1300

490

110
Ilo
110
110
110
110
110

110

4200
4600
5800
6600
0200
9800

20000
1200
2900

1120
1160
1600
I000
2200
2600
5200

2000

110
110
110
110
110
110
110

110

400
410
530
570
660
160

1400

610

I200
1300
1700
1900
2300
2700
5300

2100

150
160
220
240
300
360
670

48
98

260

600
640
880
960

1200
1400
2700

190
390

1000

M“
11
11
11
11
11
11
11
11
11

11
11
11
11
II
II

::
11
11

160
i )0
230
250
310
350
680

59
I1O
270

610
650
00
970

I 200
1400
2700

200
400

1000

4fultiply by 0.01 to obtain Cy.

Source: Lessardet ●l, 1985,p.61



N-5
The sequenceof safetyrecommendationsand guideshas run as follows..

(a) In 1954 the NationalBureauof StandardsHandbook59 presented
the recommendationsof the NCRP. The maximumpermissibledose to the
bonemarrow (andhenceto the entirebody)was 0.3 rem per week.

(b) In January,1957,the whole-bodydose for the general
populationwas loweredto .5 rem per year by the NCRP. This was
publishedas an insertinto the Bureau’sHandbook59. The AEC also
publishedthisand otherrecommendationsin Appendix10, p. 400 of its
22ndSemiannualReportto the Congress.

(c) In 1960, the Federal Radiation Council definedtwo guidesfor
the generalpopulation.(FederalRegister,May 22, 1965,pp. 6953-55)

The “radiationprotectionguide”for the generalpopulationunder
normalcircumstanceswas .170rem per year.

The “protectiveactionguide (category3)” was definedto coverthe
long-termharm by cesium-137and strontium-90actingthroughthe foodweb
afterthe firstyear of a contaminatingevent. The FRC recognizedthe
greatdiversityof such situations.It concludedthatprotectiveaction
must be determinedon a case-by-casebasiswhen the annualdose to the
bonemarrowafterthe firstyear wouldexceed0.5 rem to individualsor
0.2 rem to a suitablesampleof the population.

(d)In 1979,ICRPPublication30 subsequentlymodifiedfor the
transuranicsin Publication48, 1986,providedannuallimitsfor the
intakeof radionuclidesby workers. Dividedby 30, theyare equalto a
committedeffectivedose equivalentper year of .170rem.
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N-6
For the nonprofessionalreader,the followingis an explanationof

the specificradiologicalmeaningof the terms,exposureand d-.
Very simply,the medicalanalogywouldbe this. A patienttakesa
spoonfulof heartmedicine-- radiologicallyconsidered,that is his
exposuse.

Of the swallowedmedicine,three-quartersare eliminatedbut
one-quarterpassesfrom the intestineinto the circulationand is
absorbedby the heart-- that one-quarter 1s the dose. It wouldbe
expressedu B of hearttissue..—

For exposureto radiationper se, the unit is the roentgen(R),
measuredin air. For radionuclides(atomswhichspontaneouslydecay
and emit radiation),the unitsare the bequerel(Bq),equalto 1
atomicdisintegrationper second, or the curie (Ci),3.7 x 10 1°
disintegrationsper second. The microcurie(pCi)and the picocurie
(pCi)are respectively1 millionthof a curie,and 1 millionthof a
microcurie(27pCi equal1 Bq).

The unitsof d~ are the rad (forany typeof ionizing
radiation: 100 ergs absorbedper gram of tissue): the rem (dose
equivalentin biologicaleffectto 1 rad of standardradiation).The
particularpointto rememberaboutradiationdose is that it is ~
~ of tissue. A whole-bodydose of 100 rad meansthateverygram
(on average) received100 rad; it does not mean that the entire
body received100 rad to be distributedthroughoutthe tissues.

Both exposureand dose are referredto as resultingfrom
externalor internalsources. An externalexposureor externaldcse
is the resultof a radiationsourceoutsideof the body,e.g.,
falloutcontaminatedsoil. An internaldose wouldresultfroma
sourceinsideof the body,e.g.,radioactiveiodinedue to the use
of fallout-contaminateddrinkingwater.

In the case of radionuclides,We shalluse the term ‘“whole-body
dose”in the technicalsenseof “committedeffectivedose
equivalent”.Committedmeansthe dose deliveredto the body over
the next 50 yearsfrom the amountof radionuclideunderdiscussion
(e.g., the amountI eat today). Effectivesignifiescorresponding
to whole-bodyexposure(e.g.,1 rem to the entirelungscorresponds
to .12 rem whole-body).D* equivalentin rem signifiesthat
whateverkind of radiationis beingused,its dose in rem givesthe
same effectas thatof any othertype of radiationexpressedin rem.

The “tissuedose”is the committeddose equivalent.
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N-7 The externalgamma-rayexposuresof Table4.1 #1 affectall of
the tissuesof the body. In addition,beta rays (cesius-137and
strontium-90)emanatefrom soil,but have only a limitedrangein
air and very poor penetrationinto the body; theymightaffectthe
body’s_surfacein thoseregionswhichare closestto or are actually
touchingthe ground. Shoesand clothingprovidecompleteor almost
completeprotection.

Externalbeta-raydose is consideredto be unimportanton the
basisof the following. For gammarays,the RongelapIsland/Eneu
Islandexternal-doseratiois 1.7 (Table4.1 #1. The beta-raydose
ratioat .007 M depth (basalcell layer,skin)should be
approximatelythe same. Therefore,by extrapolationfrom the
determinationsat Eneu (Shingletonet al, 1987) the Rongelap
basal-celldose wouldbe 46 mrem/y,and at 1 cm depth practically
zero (ICRP51, Table26). Sincethe radiationprotectionguidefor
skin is 5 rem/y (NCRP 1987b),the skindose is a trivialone.
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~. The majoruncertaintyin estimatingthe dose is the
diet - no one knows preciselywhat it is. Two ●ffortshave been
made to delineateit. The firstby Naiduet al (1980)(BNL51313)
was basedon livingexperiencesover the yearson variousNorthern
MarshalleseAtollsand clearlydemonstratedthe effectsof living
patternson it. Rongelapfell into theirB class,one in which
therewas a low availabilityof localfoods (exceptingfish),
overpopulation,and a good supplyof importedfoods (supplyboat
comes in regularly,say, everythreeweeks). Naiduet al reported
the quantitiesof foodprepared,but emphasizedthat theydid not
know how much was eaten. In any event,Robisonand DOE-1982used
this estimateas the maximumlevelof consumptionfor a population.

The ULSC diet was elaboratedby H. Pritchardof the ?licronesian
Legal ServicesCorporationin 1919 when he visitedthe Enewetak
peoplefor 2.5 weeks on UtirikAtoll (Robisonet al, 1982a,
His dietsassumedthat the supplyship came regularly,makingit
possiblefor the peopleto eat relativelylargeamountsof imported
foods (rice, flour,sugar, cannedgoods, etc.),or that the shipdid
not come at all. Robisonselectedthe adultfemalesubgroupof the
populationfor calculationbecauseits consumptionwas greatest.
DOE-1982 took this calculation for the minimallevelof
contaminated-foodconsumption.

For the KLSC diet (supplyshipon schedule)it has been found
that cesium-137accounts for about95% of the whole-bodydose and
85% of the bonemarrowdose. Strontium-90accountsfor 58 and 158,
respectively,and the transuranicsfor less than 1$ duringthe first
70 years. When the supplyship is on schedule,coconutaccountsfor
80# or so of the radionuclideintake.

In summary,then,DOE-1982used the Naidu typeB community
diet for its dose calculations.When it wishedto indicatea range,
it used both the type B community(high)and the HLSC diet (low).
The diets are givenin TableN-8 #l.

One additionalfact aboutthe preparationof fish.The skin and
bonesof fishmay have 50-100timesthe strontium-90specific
activityof the meat. Also, the contentsof the intestinaltract
may be high. iihatis the effectof all thison dosage? First,
Noshkinet ●l (1981)foundthe strontium-90specificactivitiesof
all tissuesto be below1 pCi/g. Robisonet al (personal
communication,1988),have confirmedthis for mulletcaughtoff the
reef of BikiniIsland (contaminationlevels5-10 timesthoseat
RongelapIsland). Roastmulletand stewed mulletwere tested. For
stew, neitherthe meat,nor broth,nor skin and bonesexceeded.01
pCi per gram (TableN 8.S 2). The cookingwas done by Harshallese
in the customaryway (theintestineswere discarded).
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TABLEN- 8 #l DAILYFOOD CONS~PTION -- IWO DIETS

J MLSC Diet

I
CommunityB

(adult)
(adultfemale)

trrowrOOt

eadfruit

nana

~conut
Drinkingmeat
Drinkingfluid
Copra
Milk
Sprouting
~conut!~fluid~t
oconut~’meat”

~apaya

%mpkin

?andanus

Fish

Eggs

POultry

Wild birds

DomestiCmeat

Pork

clams

Crabs

octopus

Turtle

SnailS

Coconutcrab

Mbster

Shellfish

Total

gramsfd~y I

o

36

19

100
514
68
12s
100
.-
--

0

0

96

194
--

3

9

--

1.4

1s

-.

20

.1

12

1

.14

.-

—

1313.64
.~

gramslday

3.9

27.2

0.02

--
--
.-
-.
.-

142
63.3

6.6 I
.1

1.2

9.2

41.5

10.7 .

.-

4.2

21.2

.-

8.9

3.1

4.5

4.3

--

--

-.

5.1

3S6.92

includedin the lists.
The data are from

al Imported foodsare not Imported
Tables4 and 11 in Robison‘t al’ ‘CRL 528s~1~~~~2~~~nedmeat,

staples include rice (especially), sugar,

canned drink<, and baby foods.
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TABLE N-8 #2

STRONTIW-90 DISTRIBUTIONIN MULLET; ?RESE,ROASTED,
MD AS A STEM”

Strontium-90,pCi/gwet weight

Roastmullet Hulletstew Fresh●ulletb’

9.5 E-4 5.2 E-4
Hustle (meat)

--

Bones 5.4 E-2 4.2 B-2 1.8 E-2

Duplicatebones 6.0 E-2
.---

8.0 E-2 -- 2.7 B-2
Skin

4.5 E-4 --
Broth

--

1.8 K-3 --
Skin+ meat

--

•~ The tablewas suppliedby Dr. W. L. Robisonof the LawrenceLivermore

National”Laboratory.

b/ prom v. Noshkinet al, UCID-20754,1986,“Concentrationsof
Radionuclidesin Fish Collectedfrom

Bikini Atollbetween1977 and 1984”.
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N-9
To determinewhetheror not the determinationof specificactivity

of soil and plantsmade by the LivermoreLaboratorywas correct,a field
trip tookplacein December1987 duringwhichsampleswerecollectedat 7
locationsrunningthe lengthof RongelapIslandand on 3 islandsof
AilingnaeAtoll. The sampleswerecollectedunderthe supervisionof Dr.
E. Paretzkeby Livermoretechniciansand Rongelapmen. SenatorAnjain
and otherRongelapcitizenswere present. The resultsshow thatthe
Livermoretechniqueis an acceptableone.

At each location,the externalexposurerate was measured. The mean
for sevenlocationaon Rongelapwas 3.4 (2.2-4.6)pRh. Correctedback to
1978,it becomes4.3 ~R/h,in excellentagreementwith previous
determinations(Table4.1 #l).

The samplesof soil and vegetationwere frozenand shippedback to
the LivermoreLaboratorywheretheywere dividedso thatone-halfof each
was sent to Dr. Paretzkein Neuherberg(Uunich),the otherbeingretained
for analysesin thiscountyby Dr. Robison(Livermore)and Dr. Kohn
(Berkeley).Dr. Paretzkesharedhis sampleswith Dr. Boikat (Bremen).

Each laboratorypreparedits own materialforanalysisand then
analyzedit withoutknowledgeof the resultsfromelsewhere.

In-general,the variouslaboratoryresultsagreed well with one
anotherfor fieldsampling(TableN 9# 1-4).

The radionuclidelevelson AilininaeAtollwere foundto be no more
thanone-thirdthoseon RongelapIsland.

Among the radionuclidesthemselves,the extremelylow levelsof the
transuranicsin vegetationand meat comparedto soil demonstratethe
operationof biologicalselectionagainsttheseelements(5,000to
10,000-fold).This effectis amplifiedby furthernegativeselectionin
the gut; absorptionin adultsis about0.1% comparedto 1008 for cesium.
Duringthe firstmonthof life,however,absorptionfromthe gut mightbe
10 to 100 timesgreaterthan in adults.

The radionuclidelevelsare also in generalagreementwith the most
recentsummaryof the LawrenceLivermoreLaboratory(Table4.2 #2).

Thesecomparisonsare of more than routineimportance,sincemany
Rongelappeoplehave statedthatDOE laboratoryresultscannotbe trusted
and that the DOE scientistsare liars.
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TABLE N-9 #1

CESIU1l-137COMPARISONS (1987)

Item Island81 LLNL ~1 P&Be/
(No.samples)

Drinking
coconutmeat

Drinking
coconutjuice

Soil:0-10 cm

10-20cm

Limemeat

Coconutcrab
muscle

Breadfruit

Arrowroot

Pandanus

Pig muscle

Chickenmuscle

A (3)dt
R (6)

A (3)
R (6)

A (3)
R (7)

A (1)

R (1)

R (2)

A (2)

R (1)

R (1)

R (1)

R (1)

R (1)

pCi/g

.47
4.5

.22
1.25

3.31
11.5

.48
1.30

2.2

1.09

3.8

17.1

21.3

14.7

6.2

pCi/g

.60
3.4

.19
1.45

2.43
8.7

.30

.97

1.9

.96

4.38

20.7

26.2

13.9

6.3

‘1 A is Ailinginae,R is Rongelap.

‘/ LawrenceLivermore National Laboratory

Ct Dr. Paretzke(Hunich)and Dr. Boikat (Bremen)

‘1 1 each from 140giri,Bnibukand Gerea-Knox
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TABLE N-9 #2

STRONTIUH-90COMPARISONS(1987)

Item Island P&B~l HIK b/
(No.samples)

pCi/g pCi/g

Drinking
coconutmeat R (1) .0054 .0061

Breadfruitmeat R (1) .035 .052

Soil:0-10 cs R (1) 6.2 10.1

Arrowroot R (1) .068 .076

Coconutcrab
muscle A (1) .35

“J Dr. Paretzke(Munich)and Dr. Boikat (Bremen)
bt Dr. Kohn (Berkeley)
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TABLE N-9 #3
PLUTONILR4-239,-240COMPARISONS(1987).

Item Island P&B81 HIK ~1
(No. samples)

pCi/g pCi/g
Drinking
coconutmeat R (2) .000016 .000069

( .0032

Soil: o-1o cm R (1) 2.46 7.7

Arrowroot R (1) .0046 .00065

Breadfruitmeat R (1) .000018

Pig muscle R (1) .00001

Chickenmuscle R (1) .00011

TABLEN-9 #4
ANERICIUX-241COMPARISONS(1987)

Item Island LLNL cd/ P&B~/ IilK “i
(No. samples)

pCi/g pCi/g pCi/g

Drinking
coconutmeat

Soil: 0-10~

A (2)
R (6)

A (3)
R (7)

0.69 ( .33
1.43 1.19

.00002

.00005

.61
1.54

10-20cm

Breadfruit

Arrowroot

Pandanua

A (1)
R (1)

.19 ( .12

.074 c .11

R (1)
.

.19

.076

.000013

.00038

.000025

●l Dr. Paretzke(Munich)and Dr. Boikat (Bremen)
b/ Dr. Kohn (Berkeley)
‘f LawrenceLivermoreNationalLaboratory
‘~ Gammacounting.
●l Alphacounting
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N-10
INHALATIONDOSE

The inhalationof dust can vary tremendouslydependingon activity.
On BikiniIslandploughingan open fieldin the dry seasonwould
representthe high end of the spectrum; restingquietlyat home or
sailingon the lagoonwouldbe near the low end. Robison(Ref.UCRL
53805,p. 9) has revisedhis earlierexcessiveestimateof 5 hoursper
day of ploughing. As an averagenow throughoutthe year,he takes1 hour
per day plus 23 hoursundernormalconditions,resultingin a daily
intakeat Bikiniof .017pCi of plutoniuts-239,-240 and .0071pCildof
americium-241,totalling.024pCi/d.

To obtainthe Rongelapdose,it was assumedthat the distributionof
particlesizesand of radionuclideswas practicallythe same on Bikini
and RongelapIslands. Therefore,the inhalationdose on Rongelapwould
be to thaton Bikinias the transuranicspecificactivityof Rongelap
soil (O-5cm) was to thatof BikiniIsland. The plutoniumlevelon
Rongelapwas 298 of thaton Bikini,and the americiumlevel12$ (Robison
1982a,pp. 8, 12, 44, 56; 1982b,pp. 12, 14, 47, B1O,B13).

The dailytransuranicexposuresfor adultson Rongelapwere
therefore:

plutonium-239,-240,29% of .017pCi = .005 pCi/d
americium-241, 12% of .00071 pCi = .0009pCi/d

Total .006 pCi/d

The adult30-yearinhalationdosesare estimatedto be
(Table4.2 #lB):

Tissue Plutonium-239,-240 Americium-241
(rem) (rem)

Whole-body .023 .004

Red marrow .035 .006

Bone surfaces .004 .0007

For the infant(tobe on the safe side)we have assumedexposureto
be the same as for an adult. Therefore,takingthe totaldaily
transuranicexposureas .006pCi/d,we find the whole-bodydose for the
firstyear to be (Table4.4 #i):

.006X (2.4X .15) = .002

and for the period0-30 yearsof age,

.006X (1.35X 4.5) = .036

In otherwords,for the firstyear of age, the

rem (lstyear),

rem (0-30 years).

doseswill be 2.4 times
the adult,and for the period0-30years of age theywill be 1.35 times
the adultones. This is on the conservativeassumptionthat infantsand
childreninhaleas much radionuclideas do adults.
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BROOKHAVENRESULTS- Cesium-137and Strontium-90

The whole-bodycountermeasuresthe quantityand the energyof
the gammaray photonsthathave been emittedby cesium-137,or other
radionuclides,and thatescapefrom the body. In principle,the
machineis calibratedby measuringthe escape of gammarays from a
phantomwhichhas been loadedwith the radionuclidesin question.
Obviously,the whole-bodycountercomesclosestto givinga direct
measurement of the body-content.

The BrookhavenLaboratoryteamhas visitedRongelapperiodically
sincethe timeof resettlementin 1957 in orderto perform
whole-bodycountsfor cesium-137,and someotherradionuclides,for
which the resultsare summarizedin TablesN.11 #l and #2. The
actualdata are shownin Table 1, and the annualestimatesof body
burdenbasedon curves fittedto the data of Table1 are shownin
Table2. Thesetableshave been providedthroughthe courtesyof
Dr. E. T. Lessard.
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TABLE N.11 #l
AVERAGE RADIONUCLIDE CONTENT AND TIME SINCE

REHABILITATION FOR RONGELA.P ADULTS

Adult Males (>1Ss) Adult rmalw (>Isa) Adults (>1SS)
iziy N-her Body tkber Body Msber Timx ?osc
Burden of Burdam of Burden of Bxhabitatioci

Bq Individuals Bq Individuals M Individuals Days Year.

●

337ca

I.lxloo
3.?X102
9.3alol

1.9XI03
2.3Z104
1.6a10&
2.3X104
3.5X103

7.OX1OO
1.7X101
6.7xlo~
6.3x101
3.OX1O2
2.1X102
2.1X102
7.7xlo~
1*SK102
1.6x102
5.5xlo~
1.6X102
9.6x101
3.2X102
1.7X102
2.SX102
3.IX101’

5.2X102
2.9x204
2.9xlo~
3.5X104
;.:;;::

l:lxlo~
6.Ix103
6.7X103
1.0s104
O.9X1O3
3.9X103

(A)
31
4s

4(B)
17
30
32
36

28

(A)
11
26

9
13
12

:;
11
11
9

:
b

10
26
25

“ (A)
36
67
31
44
22
30

:
19..~
23
43

6.3x10-1 (A)
2.9x102 37
7.4X101 45

(c)
6.:%3 8
1.41104
1.9X104 ;;
3. 1X103 23

l.sxlo~ 32

5. 2X1OO (A)
1. lXIO1
2.9x101 1:
2.5X101
1.8X102 1:
1.9X102 13 .
2.OX1O2
1.6xI02 1:
1.2XI02 11
1.3X102 13
1.5X102 11
I.2X102
8.7X101 ;
2.1X102 7
O.5X1O1

(c) (c:
2. CJL101 19

3.1X102 (A)
1.9xlo~ “ 13
l.sxlo~ 49
~.7%104 37
i.$xlob 4s
l.lxlo~ 26
7. OX1O3 21
5.6x103
7. OX1O3 ;
7. DX103 18
7.axlo3
3.4X103 E

1.:::04
1.SXIOA
2.1X104
3.4X103

l.sxlo~

6.3a10°
I.4X101
4.:X101
S.lxlol
2.4x102
109X102
2*1X102
1.38102
1.3X102
1*SX102
1;IX102
1.31102
9.6x10~
2.SX102
1.SX102
(c)

3.3xlo~

# 4;1XI02.
2.7x104
2*IX104
2.5XI04 ●

2.5110’.
l.wo%r
9.38103
6.3xI03
6.7x103
9.4X103
a.3xlq
3*7X1O

(A)

2
(c)

2s
42
S9
61

60

(A)
1s “
40
13
26
25
18
24
22
24
20
1s
12
13

(:
u

(A)

:
374

2
St
37
66
47
S2
78

0
1370
2631

d
w
639

1370

4626

0

639
1370
1696
2100,
2466
3S61
3927
429?
46$7
5022
s 388
5753
tlla
7s79
8057

S&?
639

1370
2831
6110
7213
$057
6613
9100
9M0
9910

19s:
196
1965

!95’
19s1
19!
195$
196/

1970

195”
195:
1959
1961
196
196
196A
1967
S96
196
1970
1971
197
!97
197A

, 1979
197

19s7
19s-
19}
196
196
19:
19;
19;
198
198
198
19b-

A- Ilumber of indfvidualm xoc rmorded~
8 - Measured ●t Argonne ltatirnd tiborato~.
C - h fmxles ●aaxured.

.

(This table was supplied by Dr. E. T. Lessard, ,BrookhaveK National Laboratory)

(1 bequerel = 27 picocuries)

‘1 ,,

.
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YearFlxt
BRA_w

3
4
s
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

;;
36
3?
3a
39
60
41
42
43
44
&5
66
47
b8
69
50
51
52
$3
54
55

‘1’ABLEN.11 # 2

BROOKHAVEN DF.TA FOR INTERNAL DOSE & EXTERNAL EXPOSURE

Rongelsp Adult Cotitted effective Doee Eauivalenc.(’)

Year

1957
1958
1959
19611
1961
1962
1963
]0+4
1965
1966
1967
19b8
1969
1970
1971
1972
1973
1974
1975
1976
1977

40C0

19.0
8.35
3.53
i.49
0.63
0.27
0.11
0.05
0.02 34

Average Vslue Conltted Each Year

137~,

199
181
164
149
136
123
112
102
92.4
83.9
76.2
69.2
62.9
57.2
51.9
47.2
42.9
38.9
35.&
32.1

6Szn

151
33.8
7.56
1.69
0.38
0.08

% r

4.32
3.97
3.66
J.M
3.06
2.81
2.s8
2.37
2.17
1.99
1.83
1.6S
l.sb
1.41
1.29
1.19
1.09
1.00
0.92
0.84

10.9
8.44
6.51
S*O2
3.88
2.99
2.31
1.78
1.38
1.06
0.82
0.63
0.49
0.38
0.29
0.22
0.17
0.13
0.10
0.08

mR/year 2

4wreg~ hd
CxCemal Camoeum bee

290
210
170
160
1y’j

100
90
80
73
66
61
56
52
69
46
43
41
38
36

.35
29.2 0.77 0.06

1978 26.5 14!1 0.71 4s 0,05 +7*b :; I U A
1979 24.1 0.6S o.Ok 30
196P 21.9 0.60 0.03 z, millire

:98L
1902
1983
19W
1085
1?86
198;
]OP$
1989

1999
1991
1992
1993
1994
1995
1994

1997
1998
1999
2m30
2001
2002
2G03
2004
2005
2006

19.9
19.1
16.6
l&.9
13.5
12.3
11.2
10.2
9.22
8.38
7.61
6.92
6.28
5.71
$.19
4.71
“4.28
3.a9
3053
3.21
2.92
~::

2:19
1.99
1.80

0.ss
0.50
0.46
0.42
0.39
0.36
0.33
0.30
0.28
O*25
0.23
0.21
0.20
o.lr
0.16
0.1s
o.1~
0.13
0.12
0.11
0.10

m. 0.09
“ 0.08

‘O*O8 -
0.07
9.06

0.02 20
0.02 27
0 01 25
0.01 25

1 .1+ zk
2J
23
22
21
21
20
19
19
18
18
IT .
17
16
16
15
15
15
14
14
14
lb

2007 . 1.64 0.06
A 2008 .49 2W 7 :; q/o

2009 1.3s 0.05 13 ●lllirl

1 Multiply by 10 ‘5 to convert to

2 Multiply by 0.7 to obtafnlm?em

Z to197a = 2233+IJ02 = 3535
*mm = a+ Uo = 662

Sv.
(whole-body) .



Note 12
PLUTONIUMANALYSIS

In the case of radlonuclldes that emit beta raw (strontium-90) or

alphapartigles(transuranics),and whose range h tissue 1s at most a

centimeter down to some micrometers,two methodshave been used for
assay.

(a) Knowingthe dailyurinaryexcretion,the body content of
radionuclideis calculatedfromknowledgeof its metabolism.The method
has worked for strontium-90(e.g.,3 Rongelapcasesat autopsyconfirmed
urinaryanalysis(Ref.Conard1980,Appendix, P. 115), but not so far
with plutoniumwhereextremelysmallquantitiesare involved.

(b) The dose can alsobe calculatedfrom the diet. The primary
obstaclehere is that the diet is difficultto ascertainaccurately.The
Livermoreresultsare basedon thismethod.

For Rongelap,diet and urinemethodsare in frankdisagreement.The
Livermorediet methodfindsthe dailyintakeof plutonium-239to be
.18pCi/d (Section4.2:.plutonium-239is 608 of the -239,-240mixture).

On the otherhand, the currentanalysisof urineat Brookhavengives
plutonium-239excretionvalueswhichrangefrom less than 1 x 10-s to
about5 x 10 ‘~ pCi/d. Thesecorrespondto a rangeof intakefrom less
than .07pCi/d to about38 pCi/day.

The doses (30-year,whole-body)calculatedfrom theseestimatesfor
plutonium-239are as follows:

Livermore: .007rem

Brookhaven: ).003 rem - 1.48 rem

The totaldose for the threetransuranics(twoplutonium plus americium)
wouldbe twicethesefigures.

The problemsinpl$citin thiscomparisonrequiresome detailed
discussion.

Brookhavenresults. Historically,we may beginwith Conard’s
twenty-yearRongelapreviewof 1975 (Ref.BliL50424)in whichthe results
of urineanalysisfor 10 Rongelappersonswere reported(Appendix12,
p. 147). One resultseemedmuch too high; the averageof the othernine
was 58 x 10-~ pCi/liter/d,twicethe maximumfoundin the currentseries.
Conarddid not discussthis result,but it was reviewedby an ad hoc
groupwhichsuggestedcontaminationas a likelycauseof the high values
(Lessard 1984).

Urineswere againcollectedon a much largerscalein 1981. The
PARALSmethodwas applied,but abandonedowing to inherentcontamination
with polonium. The fissiontrack methodwas then adoptedand a methodto
separateplutoniunfor such analysisworkedout. It shouldbe recognized
that the very smallquantitiesof plutoniusinvolvedmake the operation
of the methoda very difficulttask (ORAU). The cost per sampleis about
$1,000.
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Some 270 samplesof urinehave been analyzed. Owingto ●

reorganizationat Brookhaven,the workfor thisprojectwas stopped(no
funds),and the resultswere neithertabulatednor analyzed. For the
RongelapPreliminary Report of April26, 1988,the BrookhavenLaboratory
gave Dr. Lessard,the formermanagerof the program,two days of free
timeand he reportedon some details.

Sincethen,startingin June a summerstudent,Hr. GeorgeTaylor,
has been extractingdata from the notebooksand shouldbe able to
tabulatea summaryby the end of summer. Ifeanwhile,?lr.Taylorhas sent
me some resultsfor the first104 cases,whichare displayedin Table
N.12 #l.

(a) As noted above, the range of excretion is very large-- from
less than 1 x 10-5pCi/dto 5 x 10-3pCi/d. The significanceof this
rangeis not known.

(b) The distributionof the data appears to be logarithmicand
bimodal. Thus it may be suggestedthat two populationsare at risk. The
populationsmightdifferphysiologically(oneabsorbstransuranicsmuch
more readilythan the other); environmentally(diet,contaminationof
samples):or technically(a changein techniqueor technician).Of
these,contaminationmightbe the most likely; it is very difficultto
collectgood urinesamplesin the Harshalls. But any or all of these
variablesmay have playeda role.

(c) The resultsare not primarilydependenton sex or age, although
thesefactorsmay play a role.

(d) The youngestgroupappearsto have a somewhathigherexcretion
rate than the oldestone, at leastin males. This couldbe due to a more
rapidmetabolicturnoverof the radionuclides.Tritium●nd iodine,for
example,have half-residencetimesin infantsof 3 days and 30 days
respectively,but in adults10 days and 100 days (Hoenes,●t al 1977).
The long-termcompartmentsof plutoniumhave an averagehalf-timein the
body of about35 years,which couldbe much less in infantsand children.
The higheroutputsof the childrenmightthereforerepresentfaster
metabolismratherthangreaterintake.

Althoughthe arithmeticin the foregoingcalculationsmay be
correct,we may ask, “Are they consistentwittiwhat we know?” As a
matterof judgment,I thinkthe answeris, “No.”. The maximumurinary
outputof plutonium-239correspondsto 76 pCi/dfor the threetransuranic
elements. Lookingover the data in Table4.2 #l, it is difficultto see
how anyonecouldeat sufficientfood to accomplishthis. Clamshave the
highestspecificactivityof the transuranics-- 131 x 10-4PCi/9‘- a
specificactivitythat is about50 timesgreaterthan the nearest
competitor.One would thereforehave to eat S.8 kilogramsper day, every
day in the year, to satisfythe predictionsof the BrookhavenanalYses.
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Dose calculations.The Moss (Moss1988)factorsin Table?!.12#2,
suppliedthroughthe courtesyof Dr. E. T. Lessardof Brookhaven,permit
the calculationof plutonium-239oral intakefromurinaryexcretion,or
vice versa. The factorsvary about3-foldin the presentcasewherethe
periodsef exposureare fromabout5 to 25 years.

Of the 104 cases h TableN.12 # 1, all had livedon Rongelapsince
birthor for at least7 yearswith fourexceptions.One otherexception
was the case of a 12 year-oldfemalewho firstarrivedin 1980; her
outputof 2.34pCi/dwas practicallyidenticalto thatof an 11 year-old
(2.18pCi/d)who had alwayslivedon the island.

For orientation,let us use a factorof 1.5 x 10-4,correspondingto
about7 yearsof plutoniumexposure. Then for the maximumurinary
output,the intakewouldbe 38 pCi/d [ (5 x 10-3)/ (1.5x 10-4)1.

The correspondingwhole-bodydose (30year)would be 1.5 rem for
plutonium-239,and 3 rem for the threetransuranics.(Thecorresponding
Livermorediet estimate wouldbe .014 rem.) Threerem of course,is
relativelya sizabledose. However,it is of interestthatwhen combined
with the rest of the Brookhavenestimates, the totaldose of rem does
not exceedthe 5 rem limit. For exposurefrombirthto age 30 years,the
dose wouldbe 1.63 timesgreater(Table4.4 #l).
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TABLEN.12#l
—

~: ~239U?lNARY~(ll (1981)~~bi

we m. Below 1-9 1-9 1-5
detectable x 10-5 x 10-4 x l&3

limlt pCi/d pCi/d @/d

~

5-loy 24

10-20y 27

21+y 11

68 (100$)

6 (25%) 17(71*) 1

9 (338) 7 (2s) 9 (33%) 2

u (71%) 1 3 (18%) 1

27 (40%) 8 (12%) 29(43%) 4 (6$)

Females

S-loy 9 2 (m) 4 (448) 3 (338)

lo-2oy 10 4 (40%) 5 (508) 1 (104)

a+ y 17 8 (47%) 1 6 (35%) 2 (1*)

mu
36 (1~) 14(3S) 1 (38) 15(428) 6 (1~)

104 (lm) 42 (4W 9 (9%) 44 (428) 9 (%)

‘f 1981collecticm,det~ byfisaimtrack~tld at&cddwen NaticmalLabratory.
AllsubjectsW beenincatimws residence(orpracticallyso)fortbirlifespanor
formrethan7yearn.‘llleurinevollx@suerestandardizdto7oomlfcrageloandbelou;
1 literfa fd~ abve 10; 1.2litersformales10-16,ad 1.4litersformaleaover
16(perday).

bl AnalysesaamXher1600rs3subjects arembeirg takenfrmtb recordsfm
tabulat~ardanalysis.UeareidebtedtotheMiolcgxalScim ReseardIMvisicm
for this alatdal, ad to ?klssrs. basard and Taylor.
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TABLE N.12 #2

PLUTONIUII-23 : FRACTION OF ORAL DAILYINTAKEEXCRETEDIN URINE a/b/

_ It is assumedthat the dailyintakeis constant
over the periodspecified. Ft = .001.

luration of exposure

(years)

1

5

10

20

29

Jones
(old)

3.62 X 10-3

6.2 x 10-~

8.61 x 10-g

1.31 x 10-~

1.67 X 10-4

noss
(new)

5.42 X 10-3

--

1.71 x 10-4

2.3 x 10-4

2.92 X 10-4

al T-3e table’sdata were suppliedby Dr. B. T. Lessardof the Brookhaven
NationalLaboratory. I have used the Flossfactors(Moss,1988).

bl The intakecan be calculatedby dividingthe urinaryexcretionby the
factorsgiven. For example,after20 yearsof intake,the daily
excretionis foundto be 3 x 10-~ picocuries. Then the intakeis:
(3 x 10-5)/2.3 x 10-4= .13 picocurieslday.
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NOTE13. PEACECORPS

Throughthe essentialhelp of Mr. Jack Maykoski(PeaceCorps
Headquarters,P.O. Box 5, Xajuro,MarshallIslands96960)●nd Hr. Peter
Oliver,Special Assistantfor CompactAffairsof the Government
(P.O.Box 15T Hajuro96960),a numberof Volunteersare ●akingdiet
surveysof theirislands. The studyis stillin progress,but some
resultshave been reportedat this time for inclusionin thisreportby:
Hike Flaherty,Buoj Island,AilinglaplapAtoll; Judi llinshaw,lloja
Island,AilinglaplapAtoll; Hali Robinette,Ine Island,Arno Atoll,
SerenaWeihl,KayenIsland,MaloelapAtoll; EllenOpie,liotjeIsland,
UotjeAtoll.

The Volunteers have standardizedmeasuringequipmentand reporting
sheets. Data are gatheredby stayingwith a familyfor one day on two
separateoccasions. The task is not an easy one, and we are greatly
indebtedto theseworkersfor takingon an extraand difficultduty.
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NOTE 14
RISK FACTORS
.

The recentrevisionsin dosimetryfor Japanesebomb survivorshave
indicatedthat the risk factorfor cancermortalityof 1 x 10-4 shouldbe
raised2 - 10-fold(Shimizuet al 1987; Prestonand Pierce 1987). The
Japanese experience, however,was based on high dose, high dose-rate
exposure,whereasthe Rongelapexperienceunderdiscussionis very low
dose and very low dose-rate. The differencein dose-rateinvolvesa
factordownwardsof 3 - 10-fold,and as a resultthe two changescancel
one another. To be on the safe side,however,I have chosento raisethe
old BEIR factorfrom 1 to 2.5 x 10-4. The matteris presentlyunder
discussionby the UnitedNationsScientificCommitteeon the Effectsof
AtomicRadiations,which is preparinga reportfor the International
Committeeon RadiationProtection.
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Note 15: Senator Anjain’sletter

The lette~from SenatorAnjainspeaksfor itself. It shouldbe
comparedwith the body of the text of the present Report.

I would,however,like to commenton one point,namely,my failure
to transmitDr. Bertell’s letter to the Congress immediately on receiving
it. The reason was this: I did not consider her report good enough to
be transmitted by me as part of my work as Referee. I may addthatDr.
Bertellhad testifiedbeforethe Congressat the April 26, 1988, hearing,
at the invitationof SenatorAnjain.

Her letter (asdid her testimony)dealtwith two majortopics.
First,an attemptto show that somehow living on Rongelap per se affected
the bloodcell counts. I enclosemy letterto Dr. Huckle,a pathologist
she consultedaboutthiswork. Dr. Muckleagreedthatwhen all of the
data were reviewed,no tangibleresultswere evident.

Second,the surveyof childhealthled to suggestionsthat something
was radicallywrong and that radiationwouldbe the presumptivecause,
owing to currentlylivingon Rongelap. I do not considerthe data
convincing.No mentionis made of the usuallevelsof infantand child
healthin the Marshalls,and how difficultit wouldbe againstsuch a
backgroundto establishradiationas a cause. On this scoreI quotefrom
the Reportof the Task Forceon Health (December17, 1985),chairedby
Mrs. CarmenBigler,RepMarSecretaryof Interiorand OuterIsland
Affairs:

The task force believesthat the centralproblemfacingthe
healthcare systemis ● reversalof priorities;...anappropriate
medicalsystem must providefirstthe essentialsof healththrough
publichealtheducation,immunization,cleanwater,sanitation,
familyplanning,community-baseddispensarysystem,and infectious
diseasecontrol.

For more specificinformation,I suggestreading“CurrentLiving
Conditionsof Childrenin the MarshallIslands”,a Reportof general
informationforsubmissionto UNICEF,Republicof the MarshallIslands,
June 1984.
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B.c8us. Rong.lap was directly 8ff@ctod by
fallout from a 19s4 Uaitod States
thormonucloar test ●nd bocausa tho Rongolap
pooplo romin unconvinced that Is 8af. to
mntinuo to livo on Rongolap Island, it is
tho intmt of Congross to take such stops (if
●ny) ●s nq b. aocossary to ovorcomo tho
●ffects of such fallout On tho habitability
of Rongolap Island, and to rostoro Rong81ap
Island, if nocossary so that it can b. safely
inhabited.

Tho fears that swept through our pooplo woro justified in
tho ●yos of congress. Ths 1982 DOE report and rmmlations
containod in it tazrifiod our poop18. Hero information was
n-dad and Congress ●stablishod ● procoss by which it would bc
obtainod.

Your Preliminary 8tud~l ●s the Mayor ●nd I said to you in
April, Qcfortho first tirno,contains important ●nd significant
rovolations about tho radiation contamination to which w. havo
been sxposod.s~

Tho disclosures in 1982 made it ●vidont that ~B was not
truthful-with the Rongolap p80plo from 1957 to 19S2 regarding the
lovol of ●toll contamination. As ●laming ●s tho 19S2 DOE Raport
was, tho Rongelap pooplo didn~t boliovo that D08 told tho full
story regarding ●toll contamination or health impacts.

Your study has substantiated our concmns. DOE did not toll
tho truth ●nd w. now know it.

Sines tho April 26 hearing ●t which tim8 your Preliminary
Study was roloas~d, tho naturo of your undertaking has chaagod.
Many things you havo don. or ●ro in tho procoss of doing ●rg not
understood. Tho manner in which this study is now being
conductod is unacceptable.

Tho following is ● list of major problus with tho study:

(1) s Flu Oniua 8tt udio= Withhold. When DOgls Harry Brown
to8tifiod boforo tha Appropriations Couittoo, ho indicated that
DOE had published ● study in 1986 concerning plutonium ●nd tho
Rongolap poopls. S. further stat~d that th~ study W8S providod
to you ●nd your consultants. It was not. You woro providod
information ●nd data from DOB which was not shared with your
conmltant working on this very issue. Dospit8 rcpeat~d roquosts
for thoso docuaonts and materials, they romahs unavailable.

(2) Bortoll ROD rt coaDlotod, ~Uo t Withh81d From Conur8ss
On Juno 1, Dr. Bortoll complot~d her report ●valuating mdical”
and haalth data, including impacts on tho children of Rongolap.
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Sho submitted it to you with tho rquast that you immadiatoly
forward it to Congross as the doadlino for ●ation was only ● fm
daya ●Iay. This was not don.. Dospito tho fact that tho impacts
on children was tho primary reason for ●xtonding your report by
savoral months, you did not submit this now material to tho Yates
Committoo. Tho B@rtoll report concludos, among othor things,
that tho data from blood samplestakmi from tho Rongolaposo was
novor analyzed, that tho control group us*d in DOE studias was
abnormal, and that tho impacts on children ●nd ●othors indicata
serious problems. DOB say8 it~s safa and you ●dviso us to return
to Rongolap. W. do not understand. Mostly, W* donst understand
why this report is being withhold beyond uritical doadlinos in
Congr6ss.

(3) Sohn Study Consultant ParticiD8tad in Covor-uD og
Nuclear Radiation Aacident. You soloctod Dr. John Dunstor as one
of your consultants. X have just loarnod of Dr. DunstorSs
por=onal and direct rolo in covoring up the Octobor, 1957
~lWindscalolQ●ccident in Britian. Documonts doclaasifisd early
this year finally rovaal tho naturo and ●xtont of tho willful
withholding of information from tho ●ffected British paoplc, both
at tho timo of tho accident and ovor tho yaars sinco it occurrad.
That you would sdcet such ● person to participat- in tha
Rongolap Roas8assm@nt Projaet is unthinkable.

(49 ●DOnd8AQ0 of RonaolaD Rcassossm nt Pre Oi ●c~
Undermined -- DOE Now Controls ●leaso of Documents. Following
tha April hearing, and tho disclosure that the DOE undertook a
special roviaw of tho plutonium problom only two years ago,
requests for information by on. of your study consultants woro
reforrod to DOB. In early May, Mr. ~ranko sent written requests
to you for tho materials reforencod ●t tho hearing, and to
Brookhavcn National Laboratories, for ●dditional matarials
relating to ths plutonium problu. You wroto to Mr. Frank* on
May 7, stating, Who material you want should b. obtained from
Harry BrO~ (DOB). I am sorry that X havo forgotton to send you
his address.oo On May 9, Edward T. Losaard urit8s, ~~plsaso
fonrard your request to Mr. Harry Brown.~~

Roqucsts for this information woro than immcdiataly sant to
Brown, but as of today, non. of tho information has been
received.

This study is not supposod to b. ~Qaloarod~~by Doll. It was
supposod to b. indcpondent of DO~. Is this tho indepondonco w.
war. promisod?

(s) atud~ Work P1an Mt ●re& Tho Study mandated by
Congress was to review tho DOE data in tho 1982 report and to
determino its accuracy. Early in tho study, you wero highly
critical of ● work plan advanced by consultants who recommended
gathering new data. Now howover, you aro embarking on such
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●ctions. As I understand it, you havo rocontly dguidod to
undortako certain nutritional studios. In furthoraneo of this
tffort, instaad of having trained nutritional ●xports, you havo
roemitod u_ntrainadpoaco corp voluntoors to do this work.

Throughout tho study, 1 havo boon romindod that tho purposo
of tho study is to rovi8w tho 1982 report. To havo untrsinod
voluntoors gathering now health-nutrition data at this point in
tho procoss is not understood.

(6) Eohn Studv N●eds to 8d4 Soction on DOE Omissions. As ●

result of your study, w. havo loarnod that DOB and its

labcratorios hava urino ●nd blood samples from Rongolap citizens
which havo ●ithor not boon maasurod, or, if moasurod, not
analysad. My pooplo havo pmticipatod in medical testing with
tho understanding that thoso samplcswould b. fully analyaod.
Thor. is now considorablo ●vidonco that ●t least SOB- of thcso
samples havo nmmr b-on ●valuated. To b~ punctured with nocdlcs
drawing blood or filling littlo cups with our urino -- to find
out that DoB than fails to fully ●valuato thoso samples -- is
insulthg. Your study noods to indicato this problu.

I roturnod to Washington from tho Marshall Islands ●xpocting
to find ●nswers to problams, not moro probloms. But, what havo I
l.arnod?

●

●

●

●

*

●

●

I havo loarnod that:

DOI!is now controlling all or part of this study;

DOB plutonium reports and othor materials havo ~
boon roloasad by DOE;

Brookhavon National Labcratorios has ~ roloasod
bioassay reports or othor roquostod materials;

Tho childron~s medical study was eomplotod,
submitted to you, but ~ foruard~d to Congross;

On* of tho study consultants, rooruitod by you,
●ctively participated in ● covor-up of ● nuclear
●ccident and furthm, participated in tho willful
withholding of information to tho ●ffoctod
eitisans;

nuualifio~ poaca corps voluntoors havo boon
rotainod or rocruitod to undortaka l~fast~c
nutritional studios of tho Rongolap POOP1O;

Tha scopo and purposo of tho study ●ppaar to havo
boon altarad with ● n~w purposo beyond that of
●xamining and ●valuating tha ●ccuracy of tho DOE data
in tho 1982 report ●nd MY tho direction of th~ study
is no long*r clear.
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Dr. Kohn, tho EDIQ of Rongolap aro tho raason for this
study. R. ●x. tho ~= Or, stated anothor way, w.
aro tho sliont~. Us woro sm’it baak to Rongolap Atoll in 19S7 and
ovor the ~cars w. wore repeatedly told that it was safo to live,
to gather and consumo food -- from ●ll th- i=lands.

W@ ●re tho most ●xposed group of pooplo in tho Marshalls to
radiation.

W. ●r8 tho subioat of and tho yeasoq for this study.

Yet, whan you complot~d your study, no ●ffort has boon made
to communicate with our peop~~. llo briefings were bald. w.
didnlt know your study would ba preliminary ●nd that it would be
extended for scvoral months. You never told us. This delay has
removed us from congressional consideration during this current
budget CYC1O.

Last December, you sent ● video mossago to tho pooplo of
Rong.lap. You indicated that you~d kcop tho Rongelap peoplo
informed. This is not being don..

Over then. many months, diselosuro ●fter disclosure has come
forth. Most involvo what Dolldidn~t do, what thsy didnlt say,
what th-aydidn~t analyso, ●nd what they didn~t tell us. The 1982
DOB report is riddled with ●rrors.

Congress ●stablished ● two-part procoss. First, review tho
report to determine if it was ●ccuratoo Second, if not, then a
comprehensive review should b. undortakon.

DOE was not accurate. Tho comprehonsivo report is
justifiad. W. urgo you to mako that recomm.ndationt and to make
it in clear and unmistakable. t.rm.

Corroct tho doficioncios in your study. hIak8 it credible in
our ●yes. Let it bocomo ● stepping-steno in a process to
proporly rostoro and rohabilitato Rongolap Atoll.

Dr. Xohn, lot m. stat. it this way. Had the 1982 DOE report
not bo8n issued, obviously w. would still b. living on Rongolap
Atoll . Rowwmr, on tho basis of the Xohn Report and its
revelations, w. would b. paoking our belongings and preparing to
leave today.

Tho Rongelap paoplo today liva in deplorable circumstances.
Above ●ll, w. soak resolution of this matter. W. havo becomo
pacifio nomads, not out of choice, but out of fear. In your
hands is ● dacision to tako st8p8 toward resolution or to prolong
this agony.
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w. ●ra human beings ●nd w. soak only simply dignity and
truth ●

. Sincoroly,

cc: Rong81ap Atoll Local Govornmont

BEST AVA]LARLE copy
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Henry 1.Kohn, MD. PhD

RONGELAP REASSESSMENT PROJECT

.— June 28, 1988

Dr. T. J. Muckle
Director of Laboratories
Chedoke Hospital Division
Box 2000, Station A
Hamilton, Ontario L8N 3ZS

Dear Dr. Muckle,

1 have done some more thinking about the blood-cell counts of the
Rongelap people, a matter which Dr. Rosalie Bertell asked you to comment on.

You will recall that 82 Rongelap people were exposed to fallout in
1954, were then moved to Majuro Atoll where they remained until 1957, and
were then moved back to Rongelap.

During this period (19S4-57), non-exposed Rongelap people were
also living on Majuro and their blood counts are therefore of interest as
controls. In addition, blood counts on the Majuro people themselves and on
people living on Rita (an island in Majuro Atoll) are also of interest as
controls.‘

The enclosed table shows blood cell counts for these control groups
during the period 19S4-S7 (before return). You will note that the monocyte
count of the Rongelap controls was low prior to return, but after return
rose to the normal range. Radiation, therefore, had nothing to do with this
change. The monocyte count was also somewhat low in the other two control groups.

You also commented on a difference in lymphocyte count between the first
years on Rongelap and 1982-86. Please look again at the data including the
Majuro controls in 1982-86. They show a similar change, but were never on
Rongelap.

Looking over all of the results in this table leads me to suggest
that the fourth paragraph of your letter (which has been quoted by Dr.
Bertell) is not warranted now. I refer to the sentence, “I think what
may be shown here is the effect of long-continued exposure, which may indeed
be quite different from the late effects of acute but transient exposure.”

1203 Shattuck A\enue Berkeley CA 94709 (415) 526-0141
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Muckle ~
June 28, 1988 -2-

When reviewed with a bit of perspective, including bearing local
conditions in mind, and the fact that 1982-86 counting techniques differed
from earlier ones, 1 don’t believe one can say that thiscollectionof
countsestablishesanythingspecificin a positivesense.

What do you think now?

I feel somewhat hesitant to involve you in all of this, since it
takes time. However, 1 excuse myself with the thought that you were involved
already.

Henry I. Kohn

cc: Dr. Rosalie Bertell

Over for Blood Count Table
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25 June 88
HIK

WHITE BLOOD CELL COUNTS IN UNEXPOSEDCONTROLGROUPSa’

b/ Cells per mm3
Platelets per mm3

Date Group -3
Neutrophils Lymphocytes Monocytes x 10

—
_. —-__—.—. _... - - — —- . ..—— ——

3’54 “Majuro”
(115)

4800 4100

9’s4 tlRital!

(82)
5-)00 3700

200

180

310

290

3’56 l,R1t.,,

(57)
3600 4400 150 275

—

3’57 “Rongelap” While living on Majuro, before return:

(86) 3400 2900 70 280
..— .—-—— —

3’S8 “Rongelap” After return to Rongelap Island in 1957:

(80) 3600 3700 110 320

3’s9 (75) 5200 4100 240 310

3’61 (-72)? 4200 3100 120 300

3’62 ( 70}? 4200 2900 190 350

3’63 ( 70)? 3900 3100 2s0 310

3’64 ( 70)? 4800 3500 240 370

‘82-’86 ( 70) 4200 2800 330 --

‘82-’86 “Majuro”
(61)

3900 2800 320 --

a/
BrookhavenNationalLaboratoryreports: BNL 384 (T-71), 412 (T-80),

501 (T-119), S34 (T-135), 609 (T-179), 727 (T-260), 780 (T-296),
908 (T-371), and the 19$2-86 statistics from BNL Medical Division
averaged by Dr. R. Bertell. The reports are available from the Technical
Service Information Bureau. The earlier Brookhaven statistics were supplied
by Brookhaven National Laboratory.

b/
All of these groups were unexposed to the fallout of 1954.

The Majuro and Rita groups were living on those islands of Majuro Atoll.
The Rongelap group was living on Majuro until 1957 when almost all of
its members returned to Rongelap. The number examined per year is given
in parentheses.
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